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1.0 SUMMARY

The soil at a number of sites in the state of Missouri has been con-
. laminated with dioxin. Soil sampling conducted at these sites has resulted

in the demarcation of areas that are scheduled to be cleaned by excavat ing
soil. After the top layer of soil is removed, the question arises as to
whether additional cleanup with depth or in adjacent areas is required.
The primary purpose of this paper is to describe a sampling design
(strategy) for answering this question.

There are many factors that must be considered in developing such a
sampling strategy. These include analytical capability and cost for
measuring dioxin, budget constraints, various statistical concerns
(discussed below), as w e 1 1 as risk assessments of human exposure, predic-
tion of dioxin 's impact on the environment, and legal issues such as

., whether a site that-undergoes cleanup remains a hazardous material site.
Social concerns must also be addressed. The emphasis in this paper is on
statistical issues.

An outline of the proposed sampling strategy for making soil removal
decisions is as fol lows:

1 . Divide the known contaminated land area into units ("dean-up units")
of a size conducive to the use of appropriate soil removal apparatus
(e.g., large earth moving equipment). We assume here that the clean-up
unit is 20-by 250 feet, a practical size for the Missouri sites since
dioxin contamination is frequently along roadways and large earth-moving
equipment wK1 be used in the clean-up operation.

2. Adjacent to the area where cleanup is to be initially conducted,
establish a ring of additional clean-up units. These "adjacent" units
wil l be sampled in the same way as the other units to.check for lateral
spread of .dioxin on surface soil.

3. Remove surface soil in those units scheduled for dean up on the
basis of prior data.

4. In each unit where soil is removed, and in all adjacent units
established ir> step (2) above, set up two sampling lines parallel to the
long axis of the unit, 10 feet apart and 5 feet from each side of the
unit. Place markers every 10 feet along these lines starting 5 feet from
one end.

S>. Form a total of 3 or more (n) composite samples by collecting and
; pooling 50 small soil samples from the unit into each composite. Details

of this sampling and compositing procedure are given in the body of this
report.



6. Randomly select m aliquots of soil from each of the composites
and analyze each for dioxin. This gives mn = N data for each clean-up
unit.

7. Use the N data to estimate the arithmetic mean, T, and the standard
deviation, s, of the n composite means. Then use T and s to compute an ^
upper confidence limit on the true mean concentration for the clean-up 0>
unit. If this upper limit exceeds the decision criterion D (an acceptable 22
true mean concentration [ppb] of dioxin in the top 2 inches of soil over 0
the entire unit), then a layer of soil is removed from the unit using
earth moving equipment. Otherwise, no soil is removed.

8. If soil is removed from an adjacent unit, then an additional adjacent
unit adjacent to the first is established and the above sampling plan and
decision rule applied to it. The rationale for the above approach and
some complications that may arise in practice are discussed in this paper.

An "important potential limiting factor in the use of any sampling
Strategy is the cost and turnaround time associated with the analytical
method used to analyze soil for dioxin. The currently accepted analytical
method (the CLP method) can be used at the clean-up site at a rate of 20
to 25 samples per 24-hour period by using a mobile laboratory. Alternatively,
a f ixed laboratory in St. Louis, Missouri, can do a similar sample load.



2.0 R E C O M M E N D A T I O N S

Based on the discussion in this report, the following recoirenendaf ons
are made concerning the implementation of a soil sampling strategy at
dioxin contaminated sites in Missouri:

1. Consideration should be given to basing soil removal decisions on
an acceptable (a l lowable) true average concentration D (the decision §
criterion). a>

2. Demonstrate a procedure for compositing and adequately mixing d-ioxin 0
soils from Missouri. The sampling strategy discussed here assumes the
mixing process thoroughly homogenizes the soil so that the mixture has a
uniform concentration of dioxin, even though individual samples entering
the composite may have different concentrations.

3. Evaluate the sampling strategy discussed in this paper by applying the
method to a clean-up unit. Collect f ive or more composite samples from
the unit in the suggested manner and analyze three or more aliquots from
each to quantitate the variability in dioxin concentrations between and
within composites. This information can then be used to approximate, for
the soil removal operation, the number of composites and the number of
aliquots per composite



3.0 INTRODUCTION

In January 1984, U.S. EPA decided to clean up six dioxin-contaminated
sites in Missouri. This decision projected the excavation of contaminated
soil, transport to Times Beach, and storage in a specially designed
depository. Costs for these carefully designed cleanup efforts are ^
large, about S3uU/cu.yd. Therefore, it 1 s important to dean up areas in cri
a rational manner which takes into account excavation and analysis costs °^,
and many social concerns. Some of the contaminated sites were proposed 0
for immediate removal actions. IT Corporation (IT), under subcontract to
Environmental Emergency Services Company (EES), the ERCS contractor for
Zone 4, was requested to address some pressing needs for developing
appropriate excavation plans.

Considerable data exist on the extent of contamination at the various
'sites, and the proposed areas requiring excavation can be identified with
reasonable certainty. However, two major uncertainties remain. The first
unknown, which is the subject of this paper, is the definition of a clean
area at the border of presently contaminated sections and the definition of
a dean area after initial excavation activities. The second uncertainty
is the distribution of dioxin with depth. A recent study [1] confirms that
existing aioxin data as a function of depth are suspect because of poten-
tial contamination during sampling activities.

Four of the six areas proposed for cleanup during 1984 remain inhabited.
A renewed sampling effort to define the areal and vertical contamination
more rigorously than currently available was deemed socially unacceptable. •

. • '. '
A constraint on any soil removal operation is that current analytical

procedures for dioxin in soil [2] are time-consuming and expensive. If
excavation/restoration activities are delayed because of analytical
restrictions, the cost of idle equipment and manpower can also be large.
Further, it is desirable to minimize the time that an excavated area
remains exposed to erosion by wind or rain.

This paper focuses on a scientifically defensible sampling strategy
that is achievable within currently anticipated socially and economic
conditions.



4.0 IMPORTANT CLEAN-UP CONSIDERATIONS

Cleanup of a contaminated area requires definitions of: ( 1 ) what is
being measured; (2) what criterion is used to make clean-up decisions; (3)
various statistical quantities that define a decision rule for when to
remove soil; (4) a field sampling plan for obtaining representative
dioxin concentration data; and (5) action guides.

Concerning item 1, in the present case 2,3.7,8-tetrachlordibenzo-p-d'oxin
is the major toxicant of concern. However, since this dioxin isomer is 98
to 100". of the total dioxin concentration at Missouri sites [3], the clean-
up criterion can be set equally well for total tetrachlorinated dibenzo
dtox ins. The use of this definition can result in a slightly faster
analysis than for the specific isomer.

Item 2 requires definition of a clean-up unit (area) and an acceptable
average dioxin concentration (decision criterion). Selection of a clean-up
unit size depends on site characteristics, exposure estimates, and practical
concerns. The sampling strategy developed below defines the decision
criterion, D, to be that true mean concentration in the top 2 inches of
soil in the entire cleanup unit that does not require the removal of soil.
Selection of a specific value for D is beyond the scope of this paper, but
such a selection must be based on a risk assessment of human and environ-
mental exposure, as well as on legal, social and political factors. For
illustration, purposes we use D « 1 ppb in this paper. We also assume the
dean-up unit is 20 by 250 feet in size.

~" ' : ' ' ' . f,
Item 3-concerns the definition of a*decision rule that makes use of D

and data from the cleanup unit in question to decide whether soil removal
is needed. The rule suggested here is to compute an upper confidence
limit on the true concentration for the unit and to remove soil if that
limit exceeds D. The computation of the confidence limit requires the
specification of Ca, the prespecified small risk (probability) of not
removing soil when in fact the true average concentration for the unit
exceeds D. We must also assume that the composite sample means are normally
(Gaussian) distributed. The details of this suggested procedure are
given in Section 5,4.

Item 4 concerns the definition of the number and location of soil
samples removed from the unit (discussed in Sections 5.5 and 5.6), whether
compositing of samples is done, and the number of dioxin analyses conducted.
To reduce analytical costs and satisfy the assumption of normally distributed
composite means mentioned above, the use of composite sampling is suggested.
However, It must be understood that the compositing approach is not ideal
if the primary goal is to find small hot spots since compositing dilutes
(averages out) hot spots. Furthermore, compositing requires a procedure
for thoroughly mixing and homogenizing individual soil samples. If the
mixed composite sample is inhomogeneous, then the standard deviation of



the composite means, s, (see equat-ion 1 in section 5.4) will be too large
and the decision to remove soil will be made more frequently. Hence, to
avoid unnecessary removal of soil, a good mixing procedure is needed.

Item 5 (action guides) refers to developing clear responses to the ^
following questions: os

oo

° If the decision rule indicates soil removal is required, must 0
the top layer of soil over the entire c lean-up unit be removed?

° If points of contamination (hot spots) are found, must the
whole top layer of soil or just the hot spot be removed?

The answer to the first question would appear to be "yes" if the sampling
strategy described below is used, i.e., if composites are formed by mixing
small soil samples collected from a 1 1 parts of the unit. Concerning the
s&cond question, if a hot spot is found and only that spot removed, indivi-
dual or composite samples must be collected to provide assurance that the
remainder of the unit meets the decision criterion. In practice it may be
simpler to always remove the top layer of soil from the entire unit unless
the unit is very large, generating large amounts of soil to transport and
store. Probabilities of missing hot spots can be evaluated using methods
given in [8] and [9].



5.0 A SAMPLING STRATEGY

5.1 Main Features

The sampling strategy developed here has the following main features: ^
ô

1. Soil removal decisions are made for entire clean-up units. ^
0

2. Soil removal wi th depth occurs in stages.

3. Each stage Involves collecting composite samples from the exposed soil
surface. Randomly chosen aliquots from each composite are analysed for
dioxin.

fl. Soil removal decisions are made individually for each clean-up unit
by, comparing a computed upper confidence limit against the decision
criterion 0.

5. Soil removal laterally occurs sequentially by sampling and applying
the decision criterion to cleanup units adjacent to units where soil
removal has occurred.

The chances of missing hot spots when removal decisions are based on
composite samples is discussed in Section 5.8.

5.2 Establishing Clean-Up Units

The assumption is made here that prior sampling for dioxin has Identified
areas where-scf l removal is clearly required. Surface soil to a depth deemed
appropriate.on the basis of past data will be removed for these areas. This
soil wil l 'be either temporarily stored at the site or loaded immediately
on trucks for transport to a suitable disposal area. The area where soil
removal has occurred is then divided into clean-up units. Decisions
concerning future soil removal are made for individual clean-up units so
that any additional soil removal proceeds unit by unit.

Next to each outermost uni t in the area where soil has been i n i t i a l l y
removed, (wh ich includes areas where the or iginal soil surface has been
subs t an t i a l l y disturbed or where soil from the soil removal operation may
have been inadvertent ly deposited) an adjacent uni t is established as
i l lus t ra ted in Figure 1. These adjacent uni ts are subjected to the same
s a m p l i n g and compositing scheme and the same decision cr i ter ion and aeci*-
sion rule as the or iginal units . Figure 1 shows four cleanup uni t s , U415,

* U425, U435, and U445 along a road where Initial soil removal has occurred.
A lso shown are adjacent units that will be sampled and evaluated for possible

- soil removal. If soil removal is necessary in any adjacent uTiit, then
another unit adjacent to it is established and the same sampling strategy
and decision criterion is applied.
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For each clean-up unit soil removal occurs in stages with depth. Soil
samples are collected from the top 2 inches of exposed soil and an additional
layer of soil removed if use of the decision criterion so indicates. In
practice it may not be practical to establish and sample adjacent units
until all layers of soil have been removed from the original clean-up area.

Using the above approach, soil removal with depth and horizontally is
continued until no soil removal is required in any unit at any depth. ^
Note that this sequential approach assumes that an absence of dioxin at V\
one depth implies an absence of dioxin at greater depths. This assumption ^2
may be reasonable based on a knowledge of how dioxin was originally 0
applied and its movement through soil, or on information from the samples
initially taken to define the original soil removal area. If reasonable
doubt remains, then some proportion of the cleanup units should be sampled
at depth using trenching techniques as a double check.

In a few locations, it will not be reasonable to exactly follow the
sampling'protocol specified above because of such problems as steep
terrain, obstruction, etc. With adequate planning, these situations can
be identified in advance of the field operations and an alternative and
equivalent dean-up area may be chosen through consultation between the
scientific and field personnel. Any such alterations must be thoroughly
documented in order to not invalidate the data analysis.

5.3 Sampling and Compositing

As indi-cated above, we assume that each cleanup unit is 20 by 250
feet in size.- If other sizes are used,, the general sampling and compositing
approach described here can be easily adapted.

Each clean-up unit is divided into 50 equal blocks of size 10 by 10
feet by setting up two lines parallel to the long axis of the unit, 10
feet apart and 5 feet from each side of the unit. Markers are then
placed every 1U feet along these lines starting 5 feet from one end.
Each marker is at the center of a 10 by 10 foot block as illustrated in
Figure 2.

A minimum of three composite samples should be obtained from each clean-
up unit according to the systematic pattern shown in Figure 3. Referring
to Figure 3, composite number 1 consists of 50 soil samples pooled together,
where a single sample is collected within each of the 50 one-square foot
areas labeled with the number 1 that lie around the periphery of the clean-
up unit. Similarly, composite number 2 consists of 50 samples pooled
together, where each sample is taken 3 feet north of a stake, and so on for
the remaining composites. The "sample" with'n each one-square foot area
consists of four spoonfuls of soil of approximately equal weight taken from
the top 2 inches of soil. Hence, a composite sample consists of 200 spoonfuls
of soil collected in a container that will allow homogenization by ball-milling,
blending, or some other mechanical procedure. The use of spoons for obtaining
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each "sample" wi l l al low for rapid collection of the 50 samples needed for
each composite. However, a preferred method is to use a small soil corer
of constant s ize and depth at each of the 50 locations. This would provide
a consistent soil volume and depth.

If four, five, or six composites are collected, they should be taken c^
at the locations indicated in Figure 3 (i.e., we note from Figure 3 that °®
the sixth composite will consist of only 48 samples rather than 50 as for 5o
the other composites). If more than six composite samples are required
(see section 5.5), each additional composite should be obtained by choosing
at random a location within a 10 by 10 foot block and collecting a sample
(four spoonfuls) at the same position in a 1 1 50 blocks, and pooling the
samples.

0

Following thorough mixing and homogenization of each composite, one or
more (m) aliquots from each composite are chosen at random and analyzed
for dioxin. If n composites are collected, then a total of nm data are
ava i lab le- for computing the upper confidence limit for making the soil
removal decision as described below.

The sampling and compositing plan given above has two important
advantages over analyzing single grab samples for dioxin. First, by
pooling many small samples across the entire unit each dioxin datum is an
estimate of the average for the entire unit, not just for a small local
area. This is important since the decision criterion D is defined to be
the acceptable average concentration for the entire unit. Second, the
compositing process is a mechanical way of averaging out variabilities in
concent rat iohs.,froro place to place over .the unit. Hence, the resulting
dioxin concentrations should tend to be lucre normally (Gaussian) distributed
than individual grab samples. This is important since normality is
required when computing the upper confidence limit. However, these two
advantage's'wil l be lost unless the 50 samples going into each composite
are thoroughly mixed and homogenized. Also, compositing tends to mask
local hot spots as discussed in Section 5.8.

5.4 Making Clean-up Decisions

The decision whether to remove the surface soil that has been sampled
in a particular unft is made using the following decision rule: remove
soil if and only if

7 + l a ,n-l s/ -̂n > D ( 1 )

- where T + t n.i s/ ,̂ "n is the estimated upper 100 (1 - )l confidence
? limit on the t?ue mean for the unit, and D is the preset decision criterion
. discussed above. ( is defined below.) ,

12



This decision rule is a one tailed test of the null hypothesis

H o : True dioxin mean ^ D
versus the alternative hypothesis

H^ : True dioxin mean < D.

We reject Hp and hence do not remove soil if Equation 1 is satisfied,
i.e., if x + t ,n.i s/ / n < D.

dearly, to use this decision rule we must compute x and s, where

n m
x = (mn)- i^ ^ xij

i'l j'l

= arithmetic mean of the nm dioxin concentrations x-i,,
* ' J

s ° (n-1)- 11 ; (x, - x ) 2 i
i-1 ' J

1/2

= standard deviation of the n composite means x ^ ,

m
x, ' m- 1 - 5 : xi-j

- ' " 1~ .

= arithmetic mean of the m aliquot concentrations
^from the ith composite.

We also need t ^ n-1, which is the value that cuts off 100 a S of
the upper tail of the i distribution with n-1 degrees of freedom, g is
the prespecified small risk (probability) of not cleaning a dirty area,
when in fact the true mean for the unit (in top 2 inches of soil) equals
or exceeds D. Hence, the decision procedure is to choose a value for D
and for ^ (e.g.. g ' 0.01 or 0.05), find t ^ ^n-1 the t tables and
see whether the upper confidence equals or exceeds D. If it does, then
the rule requires the removal of soil. If not, the rule requires no
removal of soil.

The tabled value t n-l3^" depending on n for a given g .
For example, if „ = 0.05,'then tn.n n-1 varies from 2.92 for n s 3 to
2.01 for n = 6, to 1.80 for n ° 12. 'If we set „ = 0.01, then to.01,n-1
5var'es from 6.96 to 3.36 to 2.72 for n s 3, 6, and 12, respectively.
The t tables from which values of t „ ^n-1 are obtained are f-ound in most
statistics books, e.g., [in],

1 3



Note that if equation (1 ) is solved for TT, we obtain

7» D - t „ ,m.i s/ ,r-n. (2) ^
oo

Hence, for specified values of D, „ , s and n. equat ion-(2) gives the ~'
value of x below which the decision rule in equation ( 1 ) indicates that
no soil removal is required.

Rather than specify s, we may choose to specify the relative standard
deviation of the composite means, C = S/T, in which case we replace s in
equation ( 1 ) with Cx. (In general we expect C to be more constant than s
from one cleanup unit to the next. Hence, C is usually preferred for
planning purposes.) Suppose for illustration that D - 1 ppb. Then solving
equation (1 ) for x gives

T » 1/[1 + t „ ,n.i C/ /-Ti], (3)

Table 1 gives values of x obtained using equation (3) for selected values
of C and n for - 0.05, 0.01 and D ' 1. For example, if g ° 0.01, n »3
and C = s/7 =0.25, then soil must be removed if Tr > 0.50 ppb. But If the
standard deviation s is larger so that, e.g., C « 0.50, then soil removal
is required if x ,0.33 ppb.

5.5 Choosing the Number of Composites

In Section 5.3 we suggested that a minimum of 3 composite samples be
ootained from,each unit and the first (up to 5) composites be collected
according to the pattern in Figure 3. W 5 composites are taken, this pat-
tern gives good coverage of the entire urfit.

In'fhis section we give a method [using equation (4) below] for choosing
n that is based on controlling the chances of making cleanup decision errors
to acceptably low levels. This approach may indicate an n greater than 5.
In that case we suggest each additional composite sample also be composed
of 50 small samples collected over the 50 blocks as explained above.- The
relative location where each small sample is taken for a given composite
should be the same in each block, that location being chosen at random. If
the approach for n-given below should result in an n less than 5, we
suggest the composite samples be chosen •in the order of their number in
Figure 3. For example, if n » 4, then composites numbered 1, 2, 3 and 4
in Figure 3 are collected. However, if fewer than 5 composites are
taken, the advantage of good coverage of the entire unit is not realized.
This may be reason to require n , 5.

The method for determining n given below requires an estimate of the
variance g 2, of all possible composite means that could conceivably be
obtained from the unit. In practice, y ^ Is estimated by collecting several
composites in a preliminary study in one or more clean-up units. Also, as



clean-up units are sampled during the cleanup process, the estimate of g2
can be updated using the additional data. We will see below that if g2
large, more composites are required.

TABLE 1

Observed Average Diox-in Concentrations x (ppb)
Below which no Soil Removal is Required when the

Decision Criterion D is I ppb and when the
Relative Standard Deviation of the Composite

Means, C, Equals 0.50, 0.25 or 0.10

C1 ' 0.50 0.25 0.10

Number of Composites n2 » 0.01 0.05 0.01 0.05 0.01 0.05
______n_______

2 0.08 0.31 0.15 0.47 0.31 0 . 6 9

3 . 0.33 0.49 0.50 0 . 6 6 0.71 0.86

4 , , 0 . 4 7 ' ' . . 0 . 6 3 0.64 0.77 0.81 0.89

..5 0.54 0.68 0.70 0.81 0.86 0.91

6 0.59 0.71 0.74 0.83 0.88 0.92

12 . 0.72 0.79 0.84 0.89 0.93 0.95

30 0.82 0.87 0.90 0.93 0 . 9 6 0.97

; 1 C « Relat ive standard deviation of compos'te means B s/x.

- 2 ^ s Prespecified probabli lity we are wiling to take of not removing
soil when in fact the true mean for the unit equals or exceeds D.

15



The choice of n using the method given below also depends implicitly
on budget constraints, turnaround time of the dioxin analytical procedure
and other practical constraints. It also depends explicitly on the value
of D relative to a smaller mean value yd . , (explained below), and
on the risks (probabilities) we are willing to assume of making the two
types of clean-up decision errors. These errors are called Type I and
Type 1 1 errors and are defined as follows:

Type I: Error of not removing soil when the true mean n equals
or exceeds D, i.e., of not cleaning a dirty area.

Type 1 1 : Error of removing soil when the true mean concentration
equals yO , where yO <D, i.e., of cleaning a dean area.

The probability of a Type I error is denoted by „ , the same quantity
used in equations 1, 2, and 3 above. The probability of a Type II error
is denoted by g . Ideally, we would like both „ and g to be very near
zero, but this may require collecting many composites. In practice there
is a trade off between what the budget and other practical concerns w i 1 1
al low, and the complete assurance (a - g • 0) we would ideally like to
achieve that no decision errors are made.

Tne method suggested for choosing n or for evaluating the costs and
benefits of choosing various values for g , g , D and y0 is to compute
(see [7], pp. 325-328 for derivation)

n -(Zo + Zg )2 [., /^ D-(,O Wl (4)

where D is the choseh decision criterion, Zg is the value that cuts off
1UO a I of the upper tail of a standard normal (Gaussian) distribution (with
a like definition for Zg ), g is the standard deviation of a 1 1 possible
composite means that could conceivable be obtained from the clean-up unit,
and 1,0 is a mean concentration less than D, such that, if actually
present, the probability of removing soil from the unit is g . Values of
Za and Z,j are tabled in most statistics books, e.g. [10]. Values of
Zg for ^ = 0.05 and 0.01 are 1.654 and 2.33, respectively.

Equation (4) gives the number of composites that must be collected to
assure that the probability is not greater than „ of failing to remove soil
when y^ D, and the probability is no greater than g of incorrectly
removing soil when „„» yd . The relationship between the chosen values of
„, a, D and yd is shown in Figure 4. In practice, g might be chosen to
be larger than g since it is more important to limit undue exposure to higher
than allowed mean levels of dioxin than to prevent unnecessary removal of
soil. The validity of equation (4) depends on the composite means being
normally distributed and on an advance estimate of g for the.unit. An
advance estimate of Cs may be obtained by conducting preliminary sampling
studies as indicated above. The normality assumption may not be unreasonable

16
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since each composite sample is the sum of 50 smaller soil samples, m
Hence, assuming the mixing process thoroughly homogenizes and mixes the §^
small samples, the Central Limit Theorem (see, e.g., [5]) should apply, oo
This theorem states that the average of several data values is closer to ^
normality than the data values themselves. In the case of composite
samples, the mixing process is a mechanical way of averaging the 50 small
samples. The normality assumption should be evaluated statistically on
the basis of preliminary data and data obtained during the clean-up operation.

Table 1 gives values of n computed using equation (4) for the case
where D » 1 ppb and for various choices of g,, a, yO and .,.. Table 3 gives
values of (ZQ + Zg )2 that may be used in equation (2). Our understanding
of Figure 4 and the results in Table 2 may be aided by considering ,,0
and D as defining "good" and "bad" units in the sense we have a strong
preference for not removing soil when the true mean concentration is less
.than y0,and we have a strong preference for removing soil when the true
mean equals or exceeds D. If the true mean is greater than D or between zero
and ^o.we are willing to tolerate only small probabilities of making wrong
decisions. If the true mean is between yO and D, we are less concerned
wnether or not soil is removed. Once the pairs (g, D) and ( a . 1 1 ° ) are
chosen, and if a good estimate of ., is available, equation (4) gives the
number of composites needed to actneve this specification.

17



Table 2. The Number of Composites, n, obtained
using Equation (4) when D = 1 ppb ^

ON
ON

——————————————0——————————————— 00

g e 1,0 0.20 0.40 0.60 S

0.01 0.25 0.20 3 5 8

0.50 4 8 15

0.70 6 18 38

0.80 8 38 83

0.85 18 66 146

U.U1 0.45 U.20 3 4 6

0.50 3 6 11

0.70 5 13 26

U.80 8 26 57

' •"" . 0.85 ',13 45 99
. '•,'."• .

U.05 ''•' 0.25 0.20 3 4 6

0.50 3 6 10

0.7U 5 12 24

0.80 8 24 51

0.85 12 41 89

0.05 0.45 0.20 3 3 4

; 0.50 3 4 7

0.70 4 8 " 15

0.80 6 15 . 31

0.85 8 25 53

19



Table 3. Values of (?„ + Zn)2 fur Use In Fqii.ilion 1 to Est imate N when the
• Hormalily Assiini|il inn is Tni.itilr. n Jn'l (1 arc I'rnlulii I i I tes or

notCluaninq a D i r ty Arcii and o( CIn.inini) J Cic.iii Ai-i'd, RrspccUvcly

B/a

.0001

.001

.01

.05

.10

.15
M

.20

.25i

.30

.35

.40

.45

.50

.0001

55.32

46.37

36.55

28.77

25.01

22.61

20.80

19.30

1B.01

16.85

15.78

14.78

13.83

.001

46.37

3B.20

29.34

22.42

19.11

17.03

15.45

14.17

13.07

12.08

11.18

10.34

9.55

.01

36.55

29.34

21.65

15.77

13.02

11.31

10.04

9.005

8.13

7.353

6.654

6.012

5.410

.05
—————i

28.77

22.42

15.77

10.82

8.564

7.1(19

6.183

5.380

4.706

4.122

3.603

3.135

2.706

'*i'

19.11

.10

25.01

12.02

8.564

6.570

5.373

4.508
J^

1.826

3.262

2.779

2.356

1.980

1.643

.15

22.61

1703

11.31

7.189

5.373

4.296

3.527

2.927

2.436

2.021

1.663

1.350

1.074

.20

20.00

15.46

10.04

6.183

4.508

3.527

2.833

2.299

1.866

1.505

1.119

0.936

0.708

.25

19.30

14.17

9.005

5.380

3.826

2.927

2.299

1.820

1.437

1.100

"0.861

0.640

0.455

.30

18.01

13.07

8,13

4.706

3.262

2.436

1.866

1.437

1.100

0.828

0.605

0.423

0.275

.35

16.85

12.08

7.353

4.122

2.779

2.021

1.505

1.123

0.828

0.5938

0.408

0.261

0.148

.40

15.78

11.18

6.654

3.603

2.356

1.633

1.119

0.861

0.605

0.408

0.2566

0.144

0.064

.45

14.78

10. .

6.012

3.135

1.980

1.350

0.936

0.640

0.423

0, .

0.144

0.0632

0.015B

018997



A potential problem with the use of equation (4) is that the value of
y is likely to depend on the true mean concentration level, p, present
in the unit. For example, if „ = D a different value for g should be
used than if y = y d . In practice, one could use an upper and then a lower
limit for g and see how n changes. Data obtained during the.cleanup of
initial units should help define the extent of this problem.

5.6 Choosing the Number of Aliquot Analyses per Composite

In the previous section we did not consider the question of how many
aliquots, m, should be drawn at random from each composite for dioxin
analysis. During preliminary sampling of dean-up units, m should be 5 or
more from several composites. This w i 1 1 permit estimating the within
composite variance by computing

S2 = 1 [ F (xij -5 i )2 (5)
. . • w nTirTT) i4'; j4!

If sz is large, then either there are large measurement errors in the
dioxin analyses, and/or the mixing process has not achieved a truly homoge-
neous composite sample. The m aliquots per composite can serve as a
quality control check on analytical variability over time, assuming the
mixing process gives similar levels of homogeneity in all units.

A method for determining the optimum number of composites, n, and
aliquots per.-composite, m, will now be yven (see [10], pp. 531 for
further discussion). This approach assun^s the following cost function
applies;

COST = cm + c2nm (6)

where cm is the cost associated with collecting and mixing n composite
samples, c2nm is the cost of analyzing nm aliquots, their sum being the
total dollars available for sample collection, mixing and analyses. We
assume that ci and c2 are known. The optimum value for m 's estimated by
computing

-1/2
C1/C2

(7)

S2/S2

w

where S2 is obtained using equation (5) above, and
w
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5.7 Concentration Near Measurement Detection Limits

A 1 1 techniques discussed above assume there are no missing data due
to the failure of laboratories to report dioxin concentrations that are
below detection limits. Every effort should be made to insure that the
best estimate of the actual concentration for each aliquot is reported to
the data analyst. It is not acceptable to report zeros, the detection
limit itself, or "less-than" numbers. Such reporting practices create
difficult problems for the data analyst when computing 7 and s. However,
a 1 1 data reported for which the laboratory feels the aliquot contains
less dioxin than can be measured with acceptable precision should be
flagged so the data analyst will know these values are suspect.

5.8 Dealing with Hot Spots

Thus far in this report we have assumed that the average soil
concentration (to some specified depth) over the entire clean-up unit
(e.g., 20 by 250 feet) is the preferred criterion for deciding whether or
not to remove additional soil from the unit. However, suppose the unit
is "clean" except for one or more small hot spots. Then there is a
finite probability that the individual samples collected over the unit
(those that are composited) will not be taken at hot spot locations. In
that case the unit will not be cleaned. But indeed even if the hot
spot (s) is sufficiently large to have a high probability of being
sampled, compositing 50 individual samples, only one or two of which
have hign content rat ions, may result in the composite average being so
low that the decision rule (equation 1) will still indicate cleanup is not
required. '.? . J,

J -.-^ •••

To illustrate this latter point, suppose six composite samples are
formed, where each composite is obtained by pooling 50 individual samples
collected over the clean-up unit as illustrated in Figure 3. Suppose 299
of the 300 individual samples contain no dioxin, but 1 sample has a
concentration of 99.5 ppb. Then, 5 of the composite means will be zero
and one composite mean will be 99.5/50 ' 1.99 pbb (assuming perfect
mixing of the 50 individual samples). Is cleanup required in this case?
What does the use of equation 1 indicate? Suppose we choose »i •= 0.05;
then tQ.05 & E 2.015 (from the t tables). Also, the reader miy verify
that for this scenario, the value of s is calculated to be 0.812414.
Therefore, equation 1 is

99.5
x + ̂ ^^ s/," ° ~m) + z-015 (0.812414)/ 6 » 1 ppb.

Hence, if D * 1 is used, the entire unit would be cleaned. However,
if the one hot spot concentration had been less than 99.5 ppb, say 99.2
ppb, then T+ to.05 5 s/J€~wou1d be less than 1 ppb. Then the unit
would not be cleaned and'the hot spot would remain. For the "above scenario,
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S2 ' (n-l)-l y (7, - X-)2 (8) §

§

•is the estimated variance between composite means. Once m is obtained °
from equation (7) , n may be obtained using the cost function [equation
(6)].

As an example, suppose s2/s2^» 0.5, i.e., the variability between
composite means is half the variability between aliquots within composites.
Further, suppose el ' $250 and cz = $450 so that d/c2 • 250/450 ' 0.556.
Then equation 7 gives m s (0.556/0.5)1/2 * 1.05, which we round up to m s 2.
Then if the total dollars available for each clean-up unit (20 by 250 feet)
is, say $5000, equation 6 gives 5000 = 250n + 450mn or n » 5000/(250 +
450m) = 4.3, which is rounded up to n - 5. Hence, if s2/s2^ 0.5 is
correct and the costs are as given above, we should analyse 2 aliquots
from eacti'of 5 composites.

It is important to get a good estimate of the ratio s2/s2 = 0.5 for
use in equation 7. This can be done by collecting data from trie contaminated
site using the same sampling design and compositing procedure to be used
later during the dean-up phase. Some values of m and n for various
values of S2/S2 are given below. These were obtained using equations 6
and 7 assuming COST ' $5000 and cl/C2 « 0.556.

52/S2 .
. ^ w m ,. n

- • 0.05 4 3
.' 0.10 3 4

0.50 2 5
0.60 1 8

This method of choosing n and m is appropriate when the goal is to
estimate the true mean for the unit with maximum precision for fixed
total cost. Maximizing the precision of ~S Is clearly desirable since -in
that case the factor S//TT (the estimated precision of 7) in equation
( 1 ) wi l l tend to be smaller. This will result in fewer instances where
soil i-s removed when the true mean is actually less than D. The optimum
values of m and n would change from cleanup to cleanup unit if either s2
or s2^ change (we assume costs will not change during the clean-up operation).

• Hence, in practice, if the same n and ro are used in all units, the optimum
* cannot be uniformly achieved.
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the concentrati.on of the single hot spot could be as high as 99.4 ppb and
equation 1 would still indicate no additional cleanup is required.
Clearly, the possibility of leaving a hot spot (or several hot spots) is

. a disadvantage of the compositing method and the use of equation 1 as
discussed in this report.

As another example, suppose one circular hot spot of size 100 square
feet (diameter » 11.28 feet) and concentration 50 ppb is present within
the clean-up unit. Suppose it is located so that one of the Individual
samples in each of the 6 composites hits the spot, e.g., the hot spot
might cover the upper left 10 by 10 foot square in Figure 3. Then each
composite mean will have a concentration of 50 ppb/50 samples = 1 ppb
(assuming perfect mixing) and the average of the 6 composite means will
also be 1. Since all composite means are Identical, the standard deviation,
s, of the composite means is zero. Then equation ( 1 ) givens T+ 0 ' 1

. ppb, which -indicates cleanup is required if 0 has been set at 1 ppb.

Another scenario is where the contamination is uniform and slightly
greater than 1 ppb over most of the cleanup unit, but a few local areas
have zero concentrations. Hence, most of the unit should be cleaned if
the true situation were known. However, if the zero concentration areas
happen to be sampled, compositing may result in T+ tn'n-1 s^ITbeing less
than D = 1. In that case no cleanup would be done.

There are many alternatives to the compositing design developed in
this paper. For example, the size of the cleanup unit could be reduced
and the number of composite samples increased. This would tend to reduce
the dilution effect and Increase the chances of cleaning units that
contain hot -spots. Or, the use of compositing could be abandoned and
cleanup decisions made entirely on the basis of whether concentrations of
individira.l (rather than composite) samples exceed D. However, if very
small hot spots are important to find and remove, many individual samples
would be required to have a high probability of finding them all. [These
probabilities can be found using the techniques in (8) and (9)]. The
dioxin analysis costs could be excessive in this case.

In practice there must be a balance between compositing and "looking
for hot spots." People will differ In their assessments of what the
optimum balance should be, especially since there is at present no definitive
statistical guidance on optimum sampling strategies for cleanup situations.
The approach in this paper puts more emphasis on compositing than on finding
small hot spots. If the detection of hot spots is of overriding concern,
then it becomes very important to define the size of hot spot that must

; be found and an acceptable risk of not finding 1t given that a specified
' grid spacing is used [discussed in (8) and (9)].
• T

As an approximation to the inethodolgy given In (8) and (9), we may state
that in order to have a reasonable chance (greater than 901) of finding hot
spots the sampling grid must be approximately the same size as the diameter
of the hot spots. Thus, for any practical sampling protocol it must be
accepted that hot spots smaller than the design criteria will be missed.
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Another attribute of hot spots that is often of concern is that very
small hot spots that have extremely high concentrations should be more
important than moderate size hot spots with moderate concentrations.
Intuitively an 10 square foot area with a concentration of 500 ppb is
more important than a 100 square foot area with a 50 ppb concentration. M

There is no currently available hot spot sampling methodology that includes 0
a consideration of concentration as well as size of the hot spots. 2

0
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6.0 R I S K ASSESSMENT AND DECISION C R I T E R I A 8
0
0\

6.0 Health Risk Estimates and Hot Spots —
o

The Center for Disease Control (CDC) recently constructed a health
risk assessment on exposure of humans to 2,3,7,8-tetrachlorodibenzo-p-dioxin
[11]. The assessment estimated that a daily human intake of 28 to 1,428 fg/kg
body weight/day poses a risk of one excess lifetime cancer per million
persons exposed. Similarly, 276 fg to 14.3 pg/kg b.w./day poses a risk
of one excess lifetime cancer per 100,000 persons exposed. By assuming
absorption of dioxin from soil via dennal, oral, or respiratory routes,
and considering exposure to children in residential areas, CDC declared
1 ppb in soil as the level for concern. CDC recognizes that similar
levels of concern may be different for commercial, industrial, or remote
areas and for grazing land. These situations must be addressed on a
.case-by-case basis.

The first six areas to be considered for cleanup are all residential.
F-igure 5 shows the range of virtually safe doses for soil concentrations as
a function of excess cancer risk. Figure 6 shows the average daily dose that
would be received if 100, 10, or It dioxin at initial soil concentrations
were available and estimates the range of 10~ and 10'* cancer risk
for a 70-kg person over a 70-year lifetime.

In considering cleanup, these figures provide additional support for
the concept of using an average concentration as the criterion for decision
and relieves concerns about potential hot spots. If we assume that 1 ppb
is the decision level, and if 21 ofJthe^rea were at 50 ppb, the daily
dose would, sti '11 fall within the 10"* excess lifetime cancer risk
range. It is important to emphasize that sampling and analytical procedures
are much•more precise, within error of 10 to 501, than the assumptions of
the risk .assessment which may cover several orders of magnitude. In
summary, health risk assessments are based on an average potential exposure
to the population and include in their estimation small variations in the
concentration of dioxin.
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T h i s method is for use 1n the rapid d e t e r m i n a t i o n ' o r t,s,r,o-itn.i aunoro-
diL 'enzo-p-dioxin (2 ,3 ,7 ,8-TCDO) 1n soil and sediment, when 2,3.7,8-TCDD is
known to be the p r i n c i p a l or only t e t rachki rod ibenzodiox in isomer present.
The method is not s p e c i f i c for the 2,3,7,8-TCDD isomer, unless a capi l la ry
column w h i c h separates that isomer f rom the other 21 TCDO isomers •Is employed.
The method is a p p l i c a b l e in the concentrat ion range of 0.3-25 ug/kg.

The method employs a tandem quadruple mass spectrometer (MS/MS) as the
f i n a l detector. The s p e c i f i c i t y of detect ion inherent in such a system
s i g n i f i c a n t l y reduces the need for sample c leanup. This , in turn , improves

, p r o d u c t i v i t y and cos t -e f fec t iveness r e l a t i ve to other high reso lu t ion and low
r e s o l u t i o n GC/MS ana lys i s techniques . The appara tus and methods descr ibed

-are des igned for use i n a mob i l e labora tory , w h i c h permits on-site analyses .

The method is in tended to be used when analy t ica l results are required
r a p i d l y , such as when s i t e c l e a n u p opera t ions are in progress. Since the
method is not isomer spec i f i c , f a l s e pos i t ives , • inc lud ing isoniers other than
2 , 3 , 7 , 8 - T C O D , may occur. But errors in th i s regard would be on the side of
safe ty . E m p h a s i s in the method is p laced on avo id ing f a l s e nega t ive s , as
this is a more c r i t i c a l c o n s i d e r a t i o n when p u b l i c hea l th is to be protected.

T h i s method is res t r ic ted to use only by or under the supe rv i s ion of
analyst 's exper ienced ia the use of gas chromatography / t r i p l e quadrup le mass
spectrometers and s k i l l e d i n the in te rp re ta t ion of mass spectra.

Because of the extreme tox ic i ty of th i s compound, the analyst must
p reven t exposure to h i m s e l f , or to others, by ma te r i a l s known or be l i eved ta
c o n t a i n 2 , 3 , 7 , 8 - T C D U . Section I V of tnis method contains gu ide l ines and
protocols that & e r » e as m'ininiuir . s a f e - h a n d l i n g s tandards in a l i m i t e d access
labora to ry .

•Analvte CAS Number

2 ,3 .7 ,8 -TCL)D 1746-01-6

I I . SUMMARY OF METHOD

F i v e (5 ) grams of anhydrous sodium s u l f a t e is p laced in a 10 ml serum
v i a l and the v i a l w i t h cap and septum is weighed. Approx imate ly 5 grams o* a
soi l sample is added and the v i a l is re -weighed . The sample is s p i k e d w i : n
i n t e r n a l and su r roga t e S tandards of i s o t o p i c a l l y l a b e l l e d 2,3.7,8-TCDD. The
sample is m i x e d by s h a k i n g , and extracted w i t h ace ton i t r i l e /d i ch lo ro r i e thane
in tne closed v i a l . An a l i q u o t of the extract is taken and, af ter s e p a r a t i o n
f r o m a c e t o n i t r i l e , the d i c h l o r o m e t h a n e is used d i rec t ly for GC/MS/MS a n a l y s i s .
C l e a n - u p s h o u l d u s u a l l y not be necessary , but a dean-up procedure is i n c l u d e d
for those samples w h i c h do not meet q u a l i t y assurance c r i t e r ia . C o n c e n t r a t i o n
of the ext rac t may be done to lower the minimum detectable concentration.
C a p i l l a r y c o l u m n GC/MS/KS c o n d i t i o n s are descr ibed w h i c h a l low for s e p a r a t i o n
of TC03 f r o m the b u l k sample m a t r i x and measurement of TCDD in the ex:rd::.



Quanti f icat ion is based on the response of native TCOD relative to the isotopically
labelled TCDO internal standard. Performance is assessed based on the results for
surrogate standard recoveries, EPA performance evaluation samples, splice recovery
tests, and method and field blanks.

I I I . I N T E R F E R E N C E S

Method interferences may be caused by contaminants in solvents, reagents, —
gl'assware and other sample process ing hardware that lead to discrete art i facts 5
and/or elevated backgrounds at the ions monitored. All of these materials ^
must be routinely demonstrated to be free from interferences under the 3
conditions of the analysis by running laboratory method blanks as described
in Section VIII.

The use of high purity reagents and solvents helps to minimize interference
problems. Purif ication of solvents by distillation in al l-glass systems may
bs required.

Ma.trix interferences may be caused by contaminants that are co-extracted
from the sample- The extent of matrix interferences will vary considerably
from source to source, depending upon the nature and diversity of the sample.
2,3,7,8-TCDS is often associated with.other interfering chlorinated compounds
which are at concentrations several magnitudes higher than that of 2,3,7,8-TCDD,

The use of a t r i p l e quadruple mass spectrometer as the detector serves
13 m i n i m i z e the i n f l u e n c e of many of these interferents .

I V . SAFETY

Tne following'.s-afety practices are excerpted directly from EPA Method
613, Section 4 (July, 19S2 version): See fol lowing page.



irfiiro >t a poiennai'iifiin ruiaio. • '
nom (hit i.Bwpoint. exposure to these
ihtm.ct't mull be 'educed lo lh«
lovest pois'bia level by whatavr
.T^cani available. The laboratory is
responsible to' maintaining • eurr«nt
•nlieneii I'l* of OSHA regulations
itsard'ng the ••*« handling o( lh«
chemicals specified in this method. A
itltitrct file of material data handling
:hrtl> should also be made available to
ai: personnel involved in the chemical
analysis. Additional referencps 10
loQorator.y sa fe ty ^e identified18 101.
Scmene »nd 2.3.7.8-7CDD h»v been
identified •> suspected hum»n 01
mammalian carcinogens.

4 2 Each laboratory must develop •
Sl'ict lately prog'am for handling of
2 .3 .7 .8-TCDD, The following labora-
tory pract ices •re recommended:

* 3. T Contamination of Ihe labora-
tory will be minimised by conducting atl
manipulations *h a'hood.

-1-3.2 The i(llue''.ls of sample
;pl.];e'l foi Ihe {as ehiomatog'aoh •nd'
roughing pumps on Ihe GC MS should
pa&s ih-o-;'\ eilne' a COIUTI" of
act ivate; c.-.a-coa: or be bubbles
through a trap containing oil or high.
boiling alcohols

^ ! J L-:J"i "••ff should t»
e sss'vea i" me'nanai o< eihanol and
"'as a'.e3 —ilh ultraviolet lig"'! wnh ;
»>a»e-e";"h g'eale' lhan 290 nm (01 _-
'.tve't d»»i lUte f AO BL larnai or ' : .
zSJiva'e"; I Ana'vre liquid washes and-
c S3ose c* the loiulioni when -
I 3 .7 .BTC03 can no longei bn ;
aeieciec

4 3 Co— Chemical U S A has issued
the following precautions (revised
II 7E* to* safe handling of
3.3.7,8 TC33 in the laboratory:

4 3 f The following stBlenienis on
sa'e ria->d:>ng a'« as compie't ai
po^s:bie on the bas s of avadabie
1o«>co'ofl-cal information The
precautions for sate handling and use
a'e necasxari ly general in natuf sinca

b* made onJr to* the oaniculai exoosu'o
ana C<'CUT<|lancei 0' gich inaividuti
uie lnQJ<ne& •bout specific ope'ai'onc
o' uses mav be acz'ei&ea 10 the Dow
Che-nica' Company An.slanc»in
e^ai^aiih; the health hafa'Cs of
p«"i>culai piani conditions may b«
ot'.a'nes from cena'n ccnsu'tinn
la:o'aio"ei and tiem Slate Desal'
men:i o' Mea'th o' ol Labor, many of

2,3.7.8 1:3; is aitiaTny lone to

t)een rianureu 1 0 1 Yeais witnuul in)ury in

analyticBl and biological laboratorxs.
Techniques used in handling radio-
active and infectious materials •r«
applicable to 2.3,7,B-TCDD.

4.3.1.1 Piotective Equipmant:
Throw-away plastic gloves, aproo or
lab coal, salety glasses •nd lab hood
•dequate foi radioactiv work.

4.3.1.2 Training- Workers munt b«
(rained in the propel method of
removing of contaminated glovts and
Clothing without contacting th«
•«leno> surfaos.

43.1.3 Personal Hygiene: Thorough
washing of hands and forearms •her
each manipulalion and befor braaks
(cof fee, lunch, •nd shift).

4 3.1.4 Confinement: Isolated work
a'ea. posted with signs, segregated
g'issw»ie and tools, plastic-backed
absorbent p«pe> on benchtops.

4 3 1.5 Waste-Good lechniauB
includes minimning contaminated
KJS:e Plastic bag line's should be
used in »as;e cans Jannors musl be
named in safe handling of wastB

4 3 1 6 Disposal of Wasft:
2.3.7.8 "TC33 decomposes above
800 °C Low-level waste such as tht
absorbent pape'. tissues, animal
reTiains and plastic givoes may be
burned in a good incme'ato'. Gross
Quantities (mill'g'ams) should be
packaged securely and disposad
through cc—imercial 01 governmental
channels which are capable of handling
high-level radioactive wastes or
eitremely toxic wastes LiQuids should
tx allowed to evapoiate in a good hood
•nd in a disposable container. Residufc
may then be handled is above

4.3 1.7 Deconiamination: Parsonal—
any mild soap with plenty of scrubbing
acnon- Glassware. Tools, •nd
Surfaces- Chlo'oihcne NU Solvnt
ITfadema'k of the Dow Chemical
Company! is the least IO«iC tolvnt
shown to be ef fect ive Satisfactory

riming w'lh Chlorothenp. then washing
with any oeieigent and wafr Drh
»••<(' ma^ be fl.ipolea 10 'he »•»»•>. li
is prudent 10 mmimne solvent waifR
because they may leoui'a tptcul
d*saosa1 through commercial sourcas
which a'e espehsive

4 3 1 8 Laundry Clothing known to
be cchiaminaied should be disposad
w*ih the piecauiions described unaar
"Disoosa1 of Wastes " LaD coats or
Other clothing wo'n in 2.3.7.8-TC?^

•••^.^s* mf ^w«.b^w • • • ^'•A||^ uags,

Persons who convy the bagt and
laundei the clothing should be advised
Of the haiard and trained in proper
handling Tha clothing may be put into
• washer without contact if the
launderai knows the problem. The
washer should t» run through a cycle
before being used again for other
Clothing.

4.3.1.5 Wipe Testr A useful method
of dete'mining cleanliness of work
lurfaces and tool is to wipe the surface
with a piece of (iHer paper. Extraction
•nd analysis by gas chromBiograohy
can achieve a limit of sensit iviTY of 0 1
W Per wipe Less than 1 pg
2.3.7,8 TCDD pe' sample indicates
•cceptable cleanliness, anything highe'
warrants further cleaning More than
10 pg on B wipe sarnple indicates an
•cute haiaul and requires prompt
cleaning before further use of the
equipment or work space ahd indicates
further that unacceoitble work
practices have been employed m the
past

4.3 1 . 1 0 Inhalation Any proceau'e
thai may produce •irbo'ne coniaTi.ra
lion must be done with good veniiiat'oh
Gross losses to B veniila'ioh system
must not be allowed Handling of the
dilute solutions normally uses in
•naiylical and an'rriai w0r« p'esents no
innaianon hazards eicept in case of B"
•ccident.

4 3 . 1 . 1 1 Accidents Remove
contaminated clothing immed:ate'v
Hkin; precautions not to co-iamina'e
•kin o' Other articles Wash exposes
•kin vigorously •nd repeBteC'y untu
medicii attention is obtained

( 1 3 .? J»l, IfS:



V . APPARATUS AND M A T E R I A L S

A l l g l a s s w a r e is i n i t i a l l y c leaned w i t h aqueous detergent and then rinsed
w i t h tap w a t e r , d e i o n i z e d w a t e r , ace tone , toluene and methylene chlor ide .
Other c l e a n i n g procedures may be used as long as acceptable method b l a n k s are
obta ined .

E l e c t r o n i c b a l a n c e , c a p a b l e of w e i g h i n g at least 50 g, w i th an accuracy
qf at least ^ 0.05 g.

S h a k e r , vor tex- type or e q u i v a l e n t

C e n t r i f u g e , 4 U U U rpm, capab l e of h a n d l i n g 25 mm diameter v i a l s

C e n t r i f u g e tubes

ID m l serum v i a l s ; w i t h t e f l o n faced septa and a l u m i n u m caps (Chrompak
1020^ a n d 10213 or e q u i v a l e n t )

1 ml ser-um v i a l s ; w i t h t e f l on faced septa and a l u m i n u m caps ( C h r o m p a k .
10201-and 10211-or . e q u i v a l e n t )

C r i m p e r for 10 ml serum v i a l (Chrompak 10233 or e q u i v a l e n t )

C r i m p e r f o r 1 ml se rum v i a l (Chrompak 10231 or e q u i v a l e n t )

D i s p o s a b l e t e f l o n 0.45 mic ron f i l t e r s ( M i l l i p o r e SLHV025 H3, or eq-Ji v a l e i t )

5 ml d i s p o s a b l e G l a s p a k sy r inges (Sargent Welch S-79<01-B or e q u i v a l e n t )

18 g a u g e . d i s p o - s a a l e s y r i n g e needle (Sargent W e l c h S-79^J2-G or equ i v a l e - i t )

D i s p o s a a l e p i p e t s , 5 3/4 inches x 7 mm o.d.

G l a s s w o o l , s1 l a n i z e d

N i t r o g e n blowdown a p p a r a t u s

Caas c h r o m a t o g r a p h - an ana ly t i ca l system w i t h a l l r equ i r ed acces sa r i e s
i n c l u d i n g syr inges and a n a l y t i c a l co lumns . The in jec t ion port must be d e s i g n e d
f o r c a p i l l a r y co lumns and sp l i t l e s s inject ion.

T r i p l e q u a d r u p o l e mass spectrometer w i t h GC t r a n s f e r l i n e ana c1ow
.d i scnarge ion source [TAGA* 600L), SC1EX", T h o r n h i l l , O n t a r i o . C a n a c c )

Compressed Gases: Zero Sraae A i r ( f r o m d i s t i l l a t i o n , not w a t e r
h y d r o l y s i s )
U l t r a High Pu r i t y N i t r o g e n
U l t r a H i g h Pur i ty Argon '

C o l u m n : 15 m long , w i d e bore fu sed s i l i c a c a p i l l a r y (es. U.22
mm 1.0.)
DB-5 l .U mic ron f i l m t h i c k n e s s .



V I . REAGENTS

Stock Standard Solutions

Stock standard solutions correspond to three toluene solutions containino
unlabelled 2,3,7,8-TCOD at varying concentrations, and -"Ci7-2.3,7,B-TCDD
(internal standard. CASEU 80494-19-5) at & constant concentration. These
solut ions a lso contain •"C1^-2,3,7.8-TCOD (surrogate compound, CASRN 85503- _
50-5) at varying concentrat ions. These stock solutions are to be used in —
preparing the calibration standard solut ions, and are to be obtained from the §
Qual i ty Assurance Division, USEPA, Envi roninental Monitoring Systems Laboratory "
(EMSL-LV) , Las Vegas, Nevada. If not ava i lab le from EHSL-LV, stock standard 0

solut ions may be prepared from commercial1y avai lable standards. However,
the accuracy of these solutions must be checked against EPA supplied standard
solutions.

The three stock solut ions wil l have the following concentrations of
u n 1 a b e l 1 e d , internal and surrogate standards.

Stock ' 'So lu t ion 1̂ (CC1)

UnlaSeled 2;3,-7,8J'TCOD - 0.2 ng/ul
"C,,-2,3,7,8-TCDO - 1.0 ng/ul
^'Cl^^^^-TCOO - 0.06 ng/ul

Stock Solution *Z (CC2)

yc labe led 2,3,7,8-7033 - 1.0 -.g/ul
"Ci^^J^-TCDO. - 1.0 ng/ul
•"Cl^^.P.e-TCOO - 0.12 ng/ul

Stock S o l u t i o n ^3" ( C C 3 )

Ualase lea 2,3 ,7 ,8-TCDO - 5.0 ng.'ul
"017-2,3,7,8-7000 - 1.0 ng/ul
" 'C^-Z^^^-TCDO - 0.2 ng/ul

NOTE: Store stock solutions in 1 ml amoer mini-vials under refrigeration.

Cal ibrat ion Standard Solutions

Cal ibrat ion standard solutions are prepared to simulate the condit ions
of sar'.p'le ana lys is as nearly as possible. Three cal ibrat ion standard so1u:io' ' i
are prepared froni the stock standard solutions so as to contain constant
amounts Of internal standara (5 uc/kg equivalent) witn var iab le anio.in;s of
unlaselej standard ( 1 , 5 , ana 25 uc/kg equivalent) and surrogate standard
(0.3, 0.6, an3 1 .0 u Q / k g equivalent) . Tne equivalent concentrations are
based on the use of 5-gram samples, extract ion with 5 nil of 2 :1 acetomtr i 1 e :
dichloromethane, and a f inal ex t rac t volume of approximately 1.66 ml dichlore-
inetnane a'ter removal of acetonuri 1 e , as called for in the procedure.



Low Level

Add 750 u1 of stock solution #1 to a 5 ml volumetric f lask and bring to
volume with dichloromethane. M ix wel l . This solution contains an equivalent
concentration of 1 ug/kg of 2 ,3,7,8-TCDD, 5 ug/kg of "Cn-Z.S.P.S-TCDD, and 0 3
ug/kg of •^C^-Z.a^.B-TCOO.

Medium Level

Add 750 u1 of stock solution #2 to a 5 ml volumetric f lask and bring to
volume wi th dichloromethane. Mix wel l . This solution-contains an equivalent
concentration of 5 ug/kg of 2 ,3 ,7 ,8-TCDD, 5 ug/kg of "Cn^^J.S-TCDD, and 0.6
ug/kg of ^'(^^.a^S-TCOO.

High Level

Add^750 u1 of stock solution #3 to a 5 ml volumetric f lask and bring to
volume wi'th dichloromethane. Mix well. This solution contains an equivalent
concentration of 25 'ug /kg J3f 2,3,7,8-TCDD, 5 ug/kg of "Ci7-2,3,7,8-TCDD, and 1.0
ug/kg of -"C^-^.SJ.S-TCDO.

NOTE 1 : Although the surrogate, ^CI^-Z.BJ.B-TCDD, is present in all three
level calibration solut ions, only the high level solution is used for calculat ing
the re lat ive response factor for the surrogate.

NOTE 2: All cal ibrat ion standard solutions must be stored in an isolated
refrigerator and protected from light. Check these standard solutions frequently
for signs of evaporation.

Sample Spik ing Solution

The sample s-piking solut ion is also to be obtained from the Quality
Assurance Divis ion, U. S. EPA Envi ronir.ental Monitoring Systems Laboratory
(EMSL-LV), Las Vegas, Nevada. The spiking solution will have the fol lowing
concentrations of internal and surrogate standards.

^r,,,-? i 7 R-Trnn - D H nn/ni"Ci^^J.S-TCOD - 0.5 ng/ul
•"ct^-Z^^.S-TCDD - 0.1 ng/ul

When 50 u1 of this solut ion is spiked in 5 g of soil, the resulting
concentrat ions in the soil are 5 ug/kg and 1 ug/kg of internal and surrogate
standard, respectively.

It is recommended that approximately 2.5-5 ml of the sp ik ing solution be
transferred to a 5 ml serun vial and sealed with a septum and cap prior to
each day's work for use in spiking samples that day.

'NOTE: It is very imoartant that no evaporation of sample sp ik ing solut ion
be a l lowed to occur, s ince the accuracy of results are directly dependent on
the addition of a known amount of internal standard.



F i e l d B l a n k S p i k i n g S o l u t i o n

The f i e l d b l a n k s p i k i n g s o l u t i o n is also to be obta ined f r o m the Q u a l i t y
A s s u r a n c e D i v - i s i o n , U. S. E P A , E n v i r o n m e n t a l M o n i t o r i n g Systems Laboratory
( E M S L - L V ) , Las Vegas , N e v a d a . The s p i k i n g so lu t i on w i l l have the f o l l o w i n g
concent ra t ions of u n l a b e l l e d . i n t e r n a l , and surrogate s tandards:

2 3,7,8-TCDD - 0.1 n g / u l
"Ci?-2.3.7.8-1"0 - °-5 "97"1

' •"(^-^.S.P.B-TCDD - 0.1 ng/u!

W h e n 50 ul of t h i s s o l u t i o n is s p i k e d in 5 grams of so i l , the r e s u l t i n g
c o n c e n t r a t i o n s i n the so i l are 5 u g / k g of I n t e r n a l s tandard and 1 u g / k g each
of u n l a b e l l e d and surrogate s t andard .

N O T E : It is very i m p o r t a n t that no evapo ra t i on of f i e l d b l a n k s p i k i n g
so lu t i on be a l l o w e d to occur , s ince the accuracy of resul ts are d i r e c t l y
dependent on the a d d i t i o n of a known amount of internal s tandard .

Solvenf-

A 1 T sol vents "should, be pest ic ide grade or equiva lent . The f o l l o w i n g
s o l v e n t s w i l l be needed:

A c e t o n i t r i l e
D i c h l o r o m e t h a n e
Cydohexane
Toluene

' B e n z e n e
M e t h a n o l '•'.';

S i l i c a Gel • -" '

Type 60, 70-230 mesh. Soxhie t ex t rac ted wi th d i ch lo rome thane for 2-^ h o u r s ,
then a c t i v a t e d ' f o r 24 hours at 130°C.

Acid A l u m i n a

AG 4, 100-200 mesh. soxhiet extracted w i t h d i c h l o r o m e t h a n e for 24 h o u r s ,
then activated for 24 hours at l90°C.

Carbooack C

Cel i t e 545

Sodium S u l f a t e

( A C S ) g r a n u l a r , a n h y d r o u s .

V I I . C A L I B R A T I O N ANO L I M I T OF D E T E C T I O N D E T E R M I N A T I O N S

C a l i b r a t i o n must be done u s i n g the i n t e r n a l s t a n d a r d t echn ique . In t h i s
case, the i n t e r n a l s t a n d a r d is an i so tope of the c o m p o u n d - o f - i n t e r e s t , and



nietry. rne three £ai'iDralion sranoard soiui.ions oescnoeo in secnon »i are
requi red.

Inject 1-2 u1 of each of the cal ibrat ion standard solutions and acquire
selected reaction monitoring data for the fol lowing parent- daughter ions:

m/z - 320 -»257
m/z = 322 -259
ro/z ' 328 -263 •
m/z = 332 -26a

i

For simplicity in subsequent sections, we will refer only to the daughter
ions, since quantitation is based on daughter ion response.

Relat ive response factors for unlabeHed 2,3,7,8-TCDD vs the internal
standard for triplicate determinations of each of the three calibration
standard solut ions are calculated.

Equation I: Relat ive Response Factor (RRFs) for 2,3,7,8-TCDD

RRF-s = (AsC,s ) / (A^Cs)

where A^ = the sum flf the area responses for the ions, ro/z 257 and 259,
corresponding to the unlabelled standard, 2,3,7.8-TCOO.

A ,s s the area response of-the ion m/z 268, corresponding to the
internal standard, "C^-2,3,7,8-TCDD.

C; = the cor.cer.t.-at-.on of the unlabeUed standard, 2,3,7,8-TCOD

C^ = the concentration of the internal standard, ^CI^^J^-TCDD.

In the case-of ' - ' the unlabel led 2,3,7,8-TCDD each of the calibration
standard solutions must be analyzed in triplicate, and the variation of the
RRF va lues for each compound at each concentration level must not exceed 10'.
RSD. If the three mean RRF values for each compound do not differ by more
than ^ 10S, the RRF can be considered to be independent of analyte quantity
for the calibration concentration range, and the mean of the three mean RRFs
snail be used for concentration calculations. The overall mean is termed a
calibration factor.

Similarly, relative response factors for the surrogate standard vs the
internal standard for the tr ipl icate determinations of the high level cal ibrat ion
solution are a lso calculated.

Equation II: Relat ive Response Factor (RRF^) for ^CI^^^^-TCDD

RS^ - (AssCis^isCss)

where Ac^ s the area response of the,daughter ion, m/z 263, corresponding t3
the surrogate standard, - 'C14-2 ,3 ,7 ,8 -TCDD.*

* Suotraci O.Olua of any 257 response from the 253 response to correct for
contributions of 2 ,3 ,7 ,8-TCDO to the 263 response.



A,^ - the area response of,the ion m/z 268. corresponding to the
internal standard, --C^-2.3,7,8-TCDD.

C^ •= the concentration of the surrogate standard, ^C^-Z^.P.B-TCDD.

and C^ s the concentration of the internal standard, ^C^-Z^.P.S-TCDD.

In the case of the surrogate standard, ^(^^.B.y.S-TCOO, the variation
of the three RRF values for the high level calibration solution should not oo
exceed 101 RSO. If this is the case, the mean of the three RRFs shall be 3
.used for concentration calculat ions. The overall mean is termed a cal ibrat ion o^
factor. ^

The cal ibrat ion factor for the u n 1 a b e 1 1 e d 2,3.7,8-TCDD must be ver i f ied on
each work shift of 8 hours or less by the analysis of a low level calibration
standard. If the RRF for the low level calibration dif fers from the cal ibrat ion
factor by more than 101, the entire calibration must be repeated and a new
cal ibrat ion factor determined. The most recently verif ied cal ibrat ion factor
must be used in a 1 1 calculat ions. This verification is only required for the
u n 1 a 5 e . 1 1 e d s tandards. There is no need to check the surrogate cal ibrat ion
factor 'Unless the surrogate recoveries appear biased or consistently fall outside
-the au-lAOl. control limits.

The theoretical ratio of the m/z 257 to 259 ions for nat ive 2 ,3 ,7 ,8-TCOO
is 1.02. However, in pract ice this ratio wil l di f fer from the theoretical due
to the very low resolution used in both analyzing quadruples for this type of
analysis. The ratio must therefore, be determined empirically as fo l lows:

Equation III: (Ratio of native TCDD daughter ions)

Ratio ' ^257^259

where A^y '^A' rea response for ion m/z 257

*259 s Area response for ion m/z 259

Tne mean of the ratios calculated for each of the nine cal ibrat ion
solutions is used for comparison purposes for qualitat ive identif ication of
2.3 ,7 ,8-TCDD.

It has been found that the sample spiking solution also gives responses
for the 257 and 259 daugnter ions corresponding to 2,3,7,8-TCD3. These
contributions must be subtracted out for each sample. In order to determine
this correction factor, add 150 u1 of the sample spiking solut ion to a 5 ml
volumetric f l ask and bring to volume with dichloromethane. Twenty 1-2 u1
injections of this solut ion must be made and the ratio of the area responses
for the sum of the m/z 257 and 259 ions vs the m/z 266 ion must be ca lcu la ted.
Twenty separate rat ios iriJst be determined.



' t 'quation iv: b ian t Kesponse ^B; or sample sp iK ing solution

B = Ab/A,s

where Ap E the sum of the area responses for the ions , m/z 257 and 259,
o b t a i n e d w i t h the s p i k i n g s o l u t i o n

and A,; = The area resoonse of the ion m/z 268, corresponding to the ^
internal standard C^-2,3,7,8-TCDD present in the .spiking —'
solution. §

0
The correction factor for the blank contribution to sample response is

then calculated as the mean of the 20 blank responses.

Equation V: Correct ion Factor (C.F.) for Blank Contribution

C.F. = ; B
n

where S B ' The sum of the individual blank responses determined by
Equation IV.

n = Number o f - rep l icate measurements of the blank response (20 are
required for initial determination).

Limit Of Detect ion

The empirical limit of detection will be calculated based on the variabil i ty
of the fclcnii. responses. The blank responses correspond to those oSta-ir-ec!
from repeat injections of the (diluted) sample spiking solution. Each blank
response must be converted to an equivalent concentration of 2,3,7,B-TC03.

Equation VI : (Conversion of Blank Response to An Equivalent Concentration of
——————— 2,3 ,7 ,8 -TCDO)

Co s An x Q,s 25 x AO

A , ; x RSF^ x W s x A , , x RRF^

where C^, ' equivalent concentration of 2,3,7,8-TCDD in blank ( s p i k i n g
solution) ( i n units of ug/kg or ppb)

A^ » the sum of the area responses of the ions m/z 257 and 259 for
the blank

A , ^ » the area response of the ion m/z 268, corresponding to the
internal standard •

RRF, » The relative response factor previously determined for
2,3,7.8-TCOD (Equation I )

Q ) S s 25 nanograms (the weight of internal standard added to eacn
sample)

10



M = 5 grams ( the w e i g h t of wet soi l used for each sample )

The s t anda rd d e v i a t i o n of the b l a n k responses ( i n concent ra t ion u n i t s )
must then be c a l c u l a t e d .

E q u a t i o n V I I : (S t anda rd D e v i a t i o n of The B l a n k Responses )

' S^ = (^ Cfa 2 ) - [t C^/D

———————rn———————

where S^ s s t a n d a r d d e v i a t i o n of the b l a n k responses ( i n u n i t s of u g / k g )

Co = b l a n k response in concentra t ion un i t s ( c a l c u l a t e d u s i n g
E q u a t i o n V I )

n = number of repl icate blank results used (20 are required)

F i n a l l y , the l i m i t of detect ion must be ca l cu l a t ed f rom the s t andard
d e v i a t i o n of the b l a n k . "'

E q u a t i o n V I I I : ( L i m i t of Detec t ion Based on " W e l l - K n o w n " B l a n k ) *

LCD ° 2 t So

w h e r e LOO » L i m i t of Oetection

t s the .l-O"; po in t of the t s ta t i s t ic for a double-s ided tab le
.' w i t h n-1 degrees of freedom (where n is equa l to the number
r • of b l a n k r e su l t s used). NOTE: The LOO must be c a l c u l a t e d

based on at leas t 20 r ep l i ca t e b l a n k ( i .e . s p i k i n g s o l u t i o n )
ana lyses . For n = 20. t = 1.72.

The l i m i t of detect ion ca lcu la ted from equat ion V I I I should be less than
the requ i red l i m i t of detect ion of 0.3 u g / k g .

V I I I . Q U A L I T Y CONTROL R E Q U I R E M E N T S

The f o l l o w i n g q u a l i t y control ( Q . C . ) requirements are l i s t ed in the
order tha t they must be run. Requ i reinents 1 and 2 are to be run i n i t i a l l y
before any o ther s a m p l e s . Requ i r emen t s 3 th rough 7 are the Q.C. samples to
be i n d u f l e d w i t h each batch of real samples ( requirement 96) that i s run i n
one 8-hour t i m e p e r i o d or on each s h i f t . The requirements 3 t h r o u g h 8 are to
be run i n the order as they a p p e a r i n the l i s t below on each s h i f t .

* Reference - Currie, Lloyd A. "Limits for Qual i tat ive Detect ion and
Quant i ta t ive Determination^' Anal, Chem., 40, 3, 585-593, 1968
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'I. An initial cal ibrat ion must be performed using calibration standard
solut ions with varied (1 ,5 , and 25 ug/kg equivalent) native TCDD and 5 ug/kg
equivalent internal standard. Cal ibrat ion for the surrogate standard will
be based only on the high level standard (1 ug/kg equivalent). The criteria
given in Section VII must be met or the calibration must be repeated.

2. Initially, 20 replicate determinations of the spiking solution must
be run and area responses for the sum of in/z 257 and 259 ions vs the m/z 268 r"i
ion must be calculated. Twenty separate ratios must be determined (Equation °
IV) and used in calculat ing the mean correction factor (Equation V) .

0

3. A 1-point check veri f icat ion using the 1 ug/kg equivalent native
TCOD and 5 ug/kg equivalent internal standard must be run once every 8 hours or
on every shift. If the RRF values from this cal ibrat ion check differ by more
than ^ 101 from the previously determined mean relat ive response factor (RRFs) ,
the 3-point cal ibrat ion must be repeated. The calibration check for
the surrogate is not necessary unless the surrogate recoveries appear biased
and/or consistently fal l outside the 60-140% control limits.

4. ..A laboratory "method blank" must be run along with each batch of 24
or fewer samples. A method blank is performed by executing a 1 1 of the
speci f ied- ext ract ion s'tep-t, except for the introduction of a 5 gram sample.
The method blank is a lso dosed with the internal standard and surrogate
standard. Resul ts for the method blank must be calculated the same way as
samples. This includes correction for the spiking solution contribution as
indicated in Equation IX. A posi t ive response ^ 0.3 ug/kg of nat ive TCDD
fol lowed by reinjection. If still positive, re-extraction and reanalysis of
all related samples must be done.

5. "Field blanks" will be provided to monitor for possible cross-
contamination of samples in the lab. The "field blank" will consist of
uncontaminated soi 1'-(background soil taken off-site). A positive response >
0.3 ug/kg nat ive 'TCOD must be fol lowed by reinjection. If still posi t ive,
all samples associated wi th the f ield blanks must be re-extracted and reanalyzed.

6. One sample, designated by EPA. must be spiked with native 2,3,7,8-TCDD
at a level of 1 ug/kg for each set of 24 or fewer samples. The Field Blank
Spik ing Solution (Section VI) should be used to spike the designated sample.
The recovery must be 0.6 to 1 .4 ug/kg or the analysis stopped and all related
samples must be re-extracted and reanalyzed.

7. The laboratory will be given performance evaluat ion samples by EPA
to run with e.ach batch of samples. The results from these performance eva lua t ion
samples will be evaluated by EPA. If a result is not within the acceptance
criteria set by EPA, a 1 1 samples in the batch assoc ia ted with that PE sample
must be reanalyzed.

8. Each sample must be dosed with 50 u1 of the sample spik ing solut ion
containing internal standard (equivalent to 5.0 ug/kg) and surrogate s tandard
(equiva lent ' to 1.0 ug/kg) . The surrogate recovery must be 0.6 to 1 .4 ug/kg
or the sample must be reanalyzed.

12



' 9. The fol lowing qual i tat ive requirements must be met in order to
confirm the presence of native 2,3,7,8-TCDB:

a. The retention time must equal (within 3 seconds) the retention
time for the internal standard.

b. The 257/259 ratio must be within the range ^ 10; of the value
of the ratio determined in Section VII, (Equation III).

' c. The ion responses at 257 and 259 must be present and maximize
'together. The signal to mean noise ratio must be 2.5 to 1 or better for both
daughter ions. (Determine the noise level by measuring the random peak to
val ley signal present on either side [within 20 scans] of the 2,3,7,8-TCDD
retention window. The 2,3,7,8-TCDD signal must be at least 2.5 times larger
than thi s.)

d. For those samples giving non-detect results, the result must be
less than the 0.3 ug/kg required limit of detection. Otherwise the analysis
must be stopped and interferences identified and corrected until the 0.3
ug/kg required limit of detection is met.

.' e. For'-each sample, the internal standard must be present with at
least a 10 to 1 signal to noise ratio based on the m/z 268 ion response.

I X . SAMPLE C O L L E C T I O N , P R E S E R V A T I O N AND H A N D L I N G

The procedures for sample col lect ion, shipping and handling wil l be
speci f ied by the EPA Regional Of f ice responsible for the monitoring exercise.
The sampling team wi l l be provided with an 8 ounce glass jar, and 30-300 grams
of soil wil l be collected. When received in the laboratory, the sample Should
be thoroughly mix^d'.-in the jar for a minimum of 3 minutes, using a stainless
steel spatula. .The-spatula should be used to break up large dumps of soil
whi le mix ing to achieve a homogeneous sample.

A 5 gram aliquot sample should be taken and placed in a pre-weighed 10 ml
serum v i a 1 containing approximately 5 grams of anhydrous sodium sul fa te
together with a Tef lon-faced septum and cap (The entire vial, Na^SO^, septum
and cap is pre-weighed and labelled). The 5 gram aliquot sample should be
representative of the entire sample. Thus, large stones or other part icles
which are uncharacter ist ic of the sample, should not be included in the
aliquot.

Samples may be stored under ambient conditions as - long as temperature
extremes (below freezing or above 90°F) are avoided. Samples must be protected
from ligit to avoid photodecomposition.

Al l samples must be extracted and completely analyzed within 24 hours.
Extracts must be held for 6 months prior to disposal .
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' C A U T I O N : A l t h o u g h the samp le and s t a n d a r d s are sea led t h r o u g h o u t the
e x t r a c t i o n p rocedure , there is a lways the p o s s i b i l i t y of l e a k a g e and b r e a k a g e
( e s p e c i a l l y d u r i n g the sample s p i k i n g and c e n t r i f u g i n g s teps) . The ana lys t
s h o u l d , t h e r e f o r e , be f u l l y protected by w e a r i n g p l a s t i c gloves and labora tory
jacket (a face protector is o p t i o n a l ) . See Sect ion I V for detai ls on s p e c i f i c
safety requi reinents.
•

1. Prepa re ex t rac t ion so lven t by m i x i n g two volumes acetoni t r i le w i th one
vtilume d ich locon ie thane . M i x s o l v e n t s thoroughly .

2. W e i g h the sample v i a l and determine the net w e i g h t of sample ( to 3
s i g n i f i c a n t f i g u r e s ) .

3. Add 50 ul of the s a m p l e s p i k i n g so lu t ion ( c o n t a i n i n g both i n t e r n a l
and su r roga te s t a n d a r d s ) . The s o l u t i o n w i l l con ta in 0.5 n g / u l of i n t e r n a l
s t a n d a r d and 0.1 n g / u l of sur roga te s tandard . Add the 50 u1 s o l u t i o n d i rec t ly
to the s o i l , s p r e a d i n g it over s e v e r a l sites on the surface of the so i l .

4. Attempt to m i x the so i l and s o d i u m s u l f a t e by s h a k i n g . ( E x t r e m e l y
wet samples may not mix w e l l . but DO NOT open the v i a l to s t i r the con ten t s . )
A d d i t i o n a l anhy'drpus sod ium s u l f a t e shou ld be added if needed.

5. P ie rce the septum w i t h a d i sposab le needle and l eave the needle i n
p l a c e to vent the contents w h i l e the extract ion solvent is i n t roduced .

6. Add 5 ml of the 2:1 ace ton i t r i I e : d ich loromethane ex t rac t ion s o l v e n t
u s i n g a S m l s y r i n g e arid d i s p o s a b l e needle. R e t a i n the sy r inge for so lven t
a d d i t i o n s only .

HOTS: A d d i t i o n a l ex t r ac t ion solvent can be added i f the ana lys t judges
th i s necessary to achieve e f f i c i e n t ex t rac t ion on a p a r t i c u l a r s a m p l e .

7. Remove-the syringe and both needles (they should be treated as
though contaminated). Dispose of both needles.

8. Snake the v i a l v igo rous ly on a vortex mixer for 2 m i n u t e s .

9. Cen t r i fuge the v i a l and contents at 4000 rpm for 2 m i n u t e s . Remove
c a r e f u l l y so as not to d i s t u r b the sed.iment.

10. Insert a needle through the septum so tha t it just b r e a k s the su r f ace
of the septum i n s i d e the v i a l . U s i n g a c lean d i s p o s a b l e s y r i n g e and neadie ,
w i t h d r a w a p p r o x i i n a t e l y 1 ml of the ext rac t ; N O T E : The other need le th rough the
septum serves to e q u i l i b r a t e the pressure upon w i t h d r a w a l of the ex t r ac t .

11. Inve'-t the s y r i n g e and w i t h d r a w the p l u n g e r to remove the e x t r a c t
f rom the need le . Dispose of the needle ( i t is c o n t a m i n a t e d ) .

12. P l ace a 0.45 m i c r o n d i s p o s a b l e T e f l o n f i l t e r on the sy r i nge ana in je :
the e x t r a c t i n t o a c l e a n 10 ml serum v i a l c o n t a i n i n g 9 ml d i s t i l l e d w a t e r .
Di spose of the sy r i nge and the f i l t e r .
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13. U s i n g a T e f l o n l ined septum and an- a l u m i n u m cap, cover ana crimp the
via l c o n t a i n i n g the water-extract m i x t u r e .

14. M a n u a l l y shake the v i a l v igorous ly for about one minu te .

15. C e n t r i f u g e the via l to separate the dichloromethane phase f rom the
w a t e r / a c e t o n i t r i l e phase . The d ich loromethane phase w i l l appear as a small
b u b b l e at the bottom of the v i a l .

16. P r e p a r e a m i n i a t u r e d r y i n g tube as f o l l ows ;

a. Plug the tip of a disposable pipet with a small amount of s i lanized
glass wool.

b. Add a p p r o x i m a t e l y 1/2 cm anhydrous sod ium sul fa te .

17. Wi th a d isposable syringe and needle, remove the dichloromethane phase
from the vial (step 15 ) as completely as possible.

.18. T r a n s f e r the d i c h l o r o m e t h a n e phase through the d ry ing tube i n t o a de in
1 ml serum v i a 1 .

19. R i n s e the dryi-ng tube w i t h one-half ml d i c h l o r o m e t h a n e , and col lect
i n the same 1 ml serum v i a l .

23. U n d e r a s t ream of n i t rogen , evaporate the solvent gent ly u n t i l tne
v o l u m e of s o l u t i o n r e m a i n i n g i n the serum v i a l is 0.05-0.1 m l .

21. Seal the 1 ml s e rum via ' i w i t n a Teflon l ined septum and cap. Labe l t~e
v i a l a p p r o p r i a t e l y .

X; . CLEANUP .'.^ .

Tne need (or c l e a n u p is i n d i c a t e d when a p a r t i c u l a r extract does not meet
tne Q; c r i t e r i a f o r the coe lu t ion of a11 f o u r moni tored ions, su r roga te recov"-..,
or the r a t i o A^/A^Q. Two c l eanup procedures are g iven be low.

A . M o d i f i e d Po t ion ft C l e a n u p

1. P l u g the t ip of a d isposable pipet w i th a smal l amount of s i l a n i z e a
glass wool .

2. P lace approximately a 1 cni layer of si l ica gel over the g lass woal .

3. P l a c e a p p r o x i m a t e l y a one-ha l f cm layer of anhydrous s o d i u m s u l f a t 3

over the s i l i c a gel.

A . P l u g the t i p of a second d i sposab le p ipe t w i t h a sma l l amo-m; of
s i l a n i z e a g l a s s wool .

5. P l a c e a p p r o x i m a t e l y 0.5 cm ac id a l u m i n a over the s i l a n i z e d g l a s s »o:'.

6. P l a c e a p p r o x i m a t e l y U.5 cm anhydrous sod ium s u l f a t e over the a l u m n i .
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7. Arrange the two columns sa that the s i l i ca ge1 column Mill e lute onto
the alumina column, and the alumina column dr ipp ings win be cs l lec ted
in a vi a 1 .

8. Rinse the two columns w i t h 0.5 ml cyclohexane and d iscard the eluate.

9. Open the vial conta in ing the extract and add 1 ml cyclohexane to the
extract.

10. Under a s t ream of ni t rogen, carefu l ly evapora te the dich1oroir£;hane fron
the extract v i a 1 (the vo lume of the renaining solut ion should be just
under 1 m l ) . • • .

1 1 . Transfer the entire contents of the ex t rac t vial onto the s i l i ca column,
arranged as spec i f ied in step 7.

12. When the so lu t ion just reaches the sur face of the sodium s u t f a t e layer-
in the s i l i c a gel column, add O.S ml cyclohexane.

13. 'Repeat step 12 a second time. A l low the solut ion to drip completely
-after the second addit ion of cyclohexane.

14. Discard the s i l i ca ge1 column.

15. R i n s e the alumina column wi th an additional 1 m1 cyc lohexane. D i sca rd
the accumulated e lua tes in the v ia] beneath the column.

15. P lace a c lean 1 in1 serum v ia l under the alumina column.

17. Elute the alumina column with three success ive portions of 0.5 ml eacn
of 15; by volume dichloromethane in cyclohexane, col lect ing the etuais
in the c ]ean"v ia1 .

18. W i th gentle heat ing and under a stream of nitrogen, evapora te the solvent
until the volume in the v i a 1 is 0.05-0.1 m 1 .

19. Seal the serum v i a 1 with a teflon lined septum and cap. Label the v ia1
appropriately. NOTE: If it is a priori known that the second step of
cleanup is requires, evaporate the sample in stage 18 to just below
1 ml and immediately proceed with a second cleanup as described below.

B. Opt ion D Cleanup

A 1 1 samples indicat ing the presence of other TC3D isomers or which contain
compounds co-elert inc must be cleaned up using Option D.

1. In advance, prepare a mixture of 3.6 g Carbcpack C with 1 6 . 4 c C e l i t e
545. Ac t i va te the mixure at 130°C for 6 hours.

2. Plug the t ip of a c i s c c s a b l e p'pet wi th a small anount of s i 1 a " i : e c c l a s s
wool.

3. P lace 2 c-i layer of the ca rbopack -Ce l i t e mixture over the g l ass wool
plug, us ing suction to pac.< t.-e column.
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4. R i n s e the c o l u m n s e q u e n t i a l l y w i t h 2 ml t o luene . 1 ml d ich1oro~,e thane-
i n e t h a n o l - b e n z e n e (75 :20 :5 by v o l u m e ) , 1 ml cyc lohexane-d ich loro : r , e 'Lhane
1:1 by v o l u m e ) , and f i n a l l y 2 ml cycl ohexane . C o l l e c t the e l u a t e •in a
v i a l and d i s c a r d the e l u a t e .

5. D i l u t e the ex t rac t w h i c h has been c leaned up by tha M o d i f i e d O p t i o n A
p r o c e d u r e to 1 m1 w i t h c y c l o h e x a n e . • ^0

o
6. M a i n t a i n i n g a d i s ca rd vial u n d e r the c o l u m n , i n t r o d u c e the ex t r ac t 2

' onto the c o l u m n . 0

7. A f t e r the so lvent has d r a i n e d , r inse the c o l u m n s u c c e s s i v e l y w i t h 2 m
c y c l o h e x a n e , 1 ml c y c l o h e x a n e - d i c h l o r o m e t h a n e m i x t u r e (1:1 by v o l u r . s )
and 1 ml d i c h l o r o m e t h a n e - m e t h a n o l - b e n z e n e m i x t u r e (75:20:5 by v o l u m e ) .

8. A l l o w the c o l u m n to d r a i n c o m p l e t e l y and d i s c a r d the a c c u m u l a t e d elua'-ss.

9. P l a c e a c l ean serum v i a l u n d e r the co lumn .

10. E l u t e the d i o x i n f r o m the charcoa l w i t h 2 ml t o l u e n e .

1 1 . . W i t h cent 1e h e a t i n g and u n d e r a s t ream of n i t r o g e n , c o n c e n t r a t e the
ex t r ac t to a volurre of 0.05-0.1 m l .

12. Seal the serum v i a l w i t h a T e f l o n l i n e d seatun and c a p . L a b a l a p p r o p r i a t e l y .

X I 1 . G C / M S / M S A N A L f S I S

1. T a b l e 1 s u m m a r i z e s the 15 m 03-5 gas c h r o m a t o c r a p h i c c a p i l l a r y
co lum- and o p e r a t i n g c o n d i t i o n s . The IS m OB-5 colur.n has been used f o r
c h r o i a ^ o a r a p n y w'hi.cn is not isoTier s p e c i f i c (no v a l l e y is observed betwee". the
l,2,3, i-T"CD3 a n d . Z ^ ^ . S - T C D O isoners) .

• *. ^''

2. Standards and s a m p l e s must be a n a l y z e d unde r i d e n t i c a l KS/'r'S
c o n c i n o n s . 'S.elected Rea . c t ion M o n i t o r i n g ( S R M ) scans are u sed , u s i n g a s i z ^
t i m e to g i v e at least f i v e p o i n t s per c h r o m a t o g r a p h i c p e a k . Reconmenae^
M S / M S c o n d i t i o n s are g iven 1n Tab le 2.

3. V e r i f y the C a l i b r a t i o n of the system d a i l y as desc r ibed i n Sectio'i
V I I . The v o l u m e of c a l i b r a t i o n s t a n d a r d injected s h o u l d be a p p r o x i m a t e l y the
same as a l l sample i n j e c t i o n v o l u m e s . The requi rements descr ibed in Seet io"
V 1 1 I , Par t s 9s and 9c iiust be met for a l l c a l i b r a t i o n s tandards .

4. I n j e c t a 1 to 2 ul a l i q u o t of the sample ex t r ac t .

5. The presence of TC33 i s q u a l i t a t i v e l y c o n f i r m e d i f the c r i t e ^ a of
Sec:ion V'.Il, Pan 0, are achieves.

6. For q u a n t i t a t i o n , measure tne ares response of the rail 257 anc z;;
pea'.s f o r 2 , 3 . Z , 8 - T C 3 D ; the m / z 26s peak f o r "C^ 7-2 ,3 ,7 ,8-TC3D, anc tne rn ;
2&3 pea", f o r -"01 ̂ -2 ,3 ,7 ,3 -TC30 . C a l c u l a t e the c o n c e n t r a t i o n s of n a t i v e a":
s u r r o g a t e s t a n a a r o s u s i n g the f o l l & " i n g e q u a t i o n s :



( (A^ / f t , J - C .F . ) (Q^)

R R F s x W

where C^ = The concen t ra t ion of na t i ve 2 ,3 .7 ,8-TCDD in ug /kg c--
(N

A^ E the sum of the area responses for the I o n s , ro/z 257 and 259 o
o

A,s E the area response for the ion m/z 268
i

C.F . = co r r ec t i on . f ac to r for s p i k i n g s o l u t i o n ( b l a n k ) p rev ious ly de te rmined
( E q u a t i o n V )

Q,^ •c q u a n t i t y ( i n n a n o g r a m s ) of C^-2,3,7,8-TCOD added to the s a m p l e b e f o r e
e x t r a c t i o n

R R F g s R e l a t i v e response fac tor for 2 ,3 ,7 ,8-TCOD c a l c u l a t e d p r e v i o u s l y
( E q u a t i o n I )

W = w e i g h t ( i n grains) of wet soi l or sediment sample .

I n " e v a l u a t i n g the r e s u l t s , a d i s t i n c t i o n must be made between q u a n t i t a t i v e
m e a s u r e m e n t and q u a l i t a t i v e i d e n t i f i c a t i o n of 2 ,3 ,7 ,8-TCDD. The f o l l o w i n g steps
mus t be f o l l o w e d i n the t r ea tment of a11 sample results:

1. C a l c u l a t e the concen t r a t ion of n a t i v e 2 ,3 ,7 ,8-TCDD u s i n g equa t ion I X .

2. D e t e r m i n e i f a l l of the q u a l i t a t i v e i d e n t i f i c a t i o n c r i t e r i a are met.

3. If a11 q u a l i t a t i v e i d e n t i f i c a t i o n c r i t e r i a are met, report th.e
c o n c e n t r a t i o n found. 'by e q u a t i o n I X , r egard less of concen t ra t ion .

4. If the q u a l i t a t i v e i d e n t i f i c a t i o n c r i t e r i a are not met, and the
c o n c e n t r a t i o n c a l c u l a t e d by e q u a t i o n I X is less than the requ i red l i m i t of
de tec t ion of 0.3 u g / k g , report the concen t ra t ion as less than 0.3 u g / k g ( i . e .
<0.3 u g / k g ) .

5. I f the q u a l i t a t i v e i d e n t i f i c a t i o n c r i t e r i a are not met , and the
concen t ra t ion ca l cu l a t ed by e q u a t i o n I X i s greater than the requi red l i m i t of
detect ion of 0.3 u g / k g , the extract must be reinjected. If the q u a l i t a t i v e
i d e n t i f i c a t i o n c r i t e r i a are s t i l l not met and the resul t is s t i l t g rea te r than
0.3 u g / k o , the extract must be c leaned u p or the sample r e a n a l y z e d u n t i l a
s a t i s f a c t o r y r e su l t is o b t a i n e d , ( i .e . p o s i t i v e r e su l t or n e g a t i v e resul t
below 0.3 u g / k g ) .

N O T E : In r e p o r t i n g r e su l t s for sample a n a l y s i s , a compar i son is made w i t h
the requ i red l i m i t of detect ion. Tne l i m i t of de tec t ion based on the b l a n k
( E q u a t i o n V I I I ) m i g h t a l s o be used , but i n t e r f e r ences may be present and
i n t r o d u c e f a l s e p o s i t i v e s i n some cases. .However, as e x p l a i n e d i n Sect ion
V I I , the e m p i r i c a l l i m i t of de tec t ion based on the b l a n k must be less than
the r e q u i r e d l i m i t of de tec t ion of 0.3 u g / k g .
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Equation X : (Calculat ion of concentration of surrogate standard, Cl^-
——————— 2.3.7,6-TCDD)

C s s

As; x Q,s

A ,s x RRFss x w

17 00
where C^ '.the concentration of surrogate standard Cl4-2,3,7,8-TCDO r-1

in ug/kg. 0\

^ss = the area response for the ion m/z 263*

A^ = the area response for the ion m/z 268

Q,s = quantity (in nanograms) of ^C^-^^.P.B-TCOO added to the
sample before extraction.

RRF^s s Re la t ive response factor for ^C^-^^.P.S-TCDD ca lcu la ted
previously (Equation II).

V '"Weight (in grams) of wet soil or sediment sample.

* Subtract 0.0108 of any 257 response from the 263 response to correct for
contributions of any 2 ,3 ,7 ,8-TCDO to the 263 response-

Nat ive 2 ,3 ,7 ,8-TCDO contains an innate quantity of Cl4-2,3,7,8-TCDD.
Except at hign concentrat ions of native 2,3,7,8-TCOD, this contribution is
t3o small to s igni f icant ly a f fect the calculated concentration of surrogate
-^14-2 ,3 ,7 ,8-TCDO. •. The theoretical correction is calculable on the basi-s of
isotope distribution" and amounts to 1.08'; of the m/z 257 peak. (This correct ion
should be checked at.'^low resolut ion by ana lyz ing about 20U pg/ul of unlabe'l led
2 , 3 , 7 , 8 - T C O O . ) ' O n this bas is , the correction to the area count of the surrogate,
is made as fo1 Iws:

A253 = ^63'- 0.01°8 Azb7

Calcu la te the analytical percent recovery of the surrogate standard.

Surrogate amount measured* (nanograms) X 100
Analyt ical = 5 ng
Percent Recovery

* NOTE: The amount measured is equal to the concentration found by
equation X multiplied by the weight of soil used for the sample (i.e., C^ x
W ) .

XIII. METHOD PERFORMANCE:

Tne required detect ion limit for this method is 0.3 ug/kg. For certain
samp les , this detection limit may not be ach ievas le because of inter ferences.
These samples require cleanup as described in Section XI. This method has
been compared w i t h the E P A - 1 F 3 GC/MS Method for 2,3,7,8-TCDD and found to be
app l i cab le to ana lyses of so i l s where 2,3,7,8-TCDO is f.e only te t rach loro
isomer known to be present.
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TABLE 1

OPERATING CONDITIONS FOR D8-5 GAS CHROHATOGRAPHY COLUMN

COLUMN

Length

I. D.

Fi lm Th ickness

2,3,7,8-TCDD R. T. (approx . )

Carr ier gas

Initial Temperature

I n i t i a l Time

S p l i t l e s s Tint;

P rogram Rate

F i n a l T e m p e r a t u r e

S p l i t F low

Sept'JBi '.P-urge F l o w

C a p i l l a r y Head P r e s s u r e

T r a n s f e r L i n e T e m p e r a t u r e

20

06-5

15 m

0.32 iron

1.0 micron

5-6 mi n.

NZ

150°C

l.U min.

1.0 mi n.

20°C/min.

240°C

20 ml /min.

0.6 inl /mi n.

8 psi

210°C



Ins t rument

Ion Source

CI Reagen t Gas

Reagent Gas Flow

Source Tempera tu re

D i s c h a r g e Cur r en t

Ql R e s o l u t i o n

Q3 R e s o l u t i o n

C o l l i s i o n Energy ( L A B )

. C o l l i s i o n Gas " ' • • • _,

C o l l i s i o n Gas T h i c k n e s s

I o n s M a m t o - e a -

0m

o

TAGA* or TAGA* 6QOUE

Townsend/g low d i scha rge CI

Zero grade a i r (H^ and He free)

35 ^_ n i l /mi n.

200°C

-1 mA

3 amu at 50; peak height at m/z ° 320 ( s i n g l e M S )

3 amu at 50'; peak he igh t at m/z = 320 ( s i n g l e M S )

55eV [(OR + G a ) / 2 - R 2 ] or 55eV (OR - R ^ )

Ar

400 x 1012 inolecules/cin2

O? Di

320 257 (nat ive-TCDD)
322 259 (native-TCDD)
32ii 263 (surrogate standard)
332 268 (internal Standard)
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X I V . DATA R L K U H l If^

R e p o r t a l l da ta i n u n i t s of mic rograms per k i l o g r a m of wet so i l . Use
three s i g n i f i c a n t f i g u r e s at concen t r a t i ons above 1 u g / k g and 2 s i g n i f i c a n t
f i g u r e s at c o n c e n t r a t i o n s be low 1 u g / k g . The data p a c k a g e must i n c l u d e the
f o l l o w i n g i n f o r m a t i o n :

1. I n d i v i d u a l and mean response factor fo r the three-poin t c a l i b r a t i o n
of u n l a b e l l e d 2 , 3 , 7 , 8 - T C O D . (Based on H i g h l eve l s t andard on ly ) .

2. I n d i v i d u a l and mean response factors for the i so topic su r roga te
s t a n d a r d (based on h i g h l eve l s t andard on ly ) .

3. The i n d i v i d u a l r a t i o s of the sum of areas 257 and 2S9 ions to the
268 ion for 20 r e p l i c a t e measurements of the b l a n k ( i .e . , s a m p l e s p i k i n g
s o l u t i o n ) , and the mean Correct ion Factor based on these rat ios.

4. The e m p i r i c a l l i m i t of detection based on the 20 b l a n k m e a s u r e m e n t s .

5. The d a i l y or s h i f t v e r i f i c a t i o n of the mean response factors.

6. The percent accuracy i.e., (ana ly t i ca l percent recovery) for the
sur roga te s t anda rd . -,

7. The resu l t for the method b l a n k .

8. The percent recovery of n a t i v e TCOD f rom the sp iked sample .

9. The result fo r the PE s a m p l e

10. 'The-result for the f i e l d b l a n k .

11. The data f i l e n a m e (to f a c i l i t a t e data r e t r i e v a l ) .

12. T-he s a m p l e i d e n t i f i c a t i o n number (as assigned by the f i e l d s a m p l i n g
t e a m ) .

13. A n a l y t i c a l date and t ime.

14. The area responses for ions 257, 259, 263, and 268.

16. The observed response rat io of ions 257/259 for the sample.

16. The c a l c u l a t e d v a l u e for n a t i v e 2,3,7.8-TCOD. ( V a l u e s above or
below 0.3 u g / k g are to be reported only i f q u a l i t a t i v e i d e n t i f i c a t i o n c r i t e r i a
are met . )

17. I f no 2 .3 ,7 ,8 -TCDD was detected, report "not detected" or N . O . a"c
the 0.3 u g / k g required de tec t ion l i m i t ,

18. The mass chromatograms for an s a m p l e s . a n d s tandards . I n c l u d e both
the r e a l - t i m e d i s p l a y data and reduced data s h o w i n g l i m i t s of i n t e g r a t i o n .
I n c l u d e any computer genera ted response t ab les .
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19. The weight of the original wet sample aliquot.

20. Documentation on the source and history of the native and labelled
2,3.7,8-TCDD standards used. .'

2 1 . Any other supportin9 documentation. ' A n example of the required
.data format fo l lows:

2 3
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CaUulatjons^ ,.

* Note: The equivalent concentrations of 2.3.7,fl-TCriD ( last co1umn]f are calculated using Equation VI '-
•• '"' '*

Cb . A(, • QI,

A), " RHr,; •> W ;'. .

Other ca lcu la t ions required are: .'•' • •:;'""

1. E q u a t i o n 1?: Correction Factor (C.F.) for B l a n k Con t r i bu t ion

C. F. • t B • ___________
n

2. Equation V I 1 : (Standard Deviation of the Blank Responses)

S,, ' ( EC,,2 ) - (rc^/n _____________

,——————rTT—————
«

3. Equation V 1 H : (Limit pf Detection based on "Me11 Known" Blank)

100 « •t ' t - Sj, • _______________
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HRGC AND TAMDEM MS METHOD FOR SOLID SAMPLES

I. SCOPE AND APPLICATION

This method is for use in che rapid determination of 2,3,7,8-Tecrachloro-
dibenzo-p-dioxin (2,3,7,8-TCDD) in soil/sediment, dusC, wood fiber, vegetation
and insulation when 2,3,7,8-TCDD is known Co be the principal or only
tecrachlorodibenzodioxin isoner present. The method is not specific for the
2,3,7,8-TCDD isomer, unless a capillary column which separates chat isoner
from the other 21 TCDD isomers is employed. The method is applicable in the
concentration range of 0.3-25 ug/kg.

The method employs a tandem quadrupole mass spectrometer (MS/MS) as the
final detector. The specificity of detection inherent in such a system
significantly reduces the need for sample cleanup. This, in turn, improves
productivity and cost-effectiveness relative Co other high resolution and low
resolution CC/MS analysis techniques. The apparatus and methods described
are designed for use in a mobile laboratory, which permits on-sice analyses.

The method is intended to be used when analytical results are required
rapidly, such as when site cleanup operations are In progress. Since the
method is not isomer specific, false positives, including isoaers other than
2,3,7,8-TCDD, may occur. But errors in this regard would be on the side of
safety. Emphasis In the method is placed on avoiding false negatives, as
this is a more critical consideration when public health is to be protected.

This method is restricted to use only by or under the supervision of
analysts experienced in the use of gas chromacography/triple quadrupole mass
spectrometers and skilled in the interpretation of mass spectra.

Because'ot, the extreme toxiclcy of this compound, the analyse must prevent
exposure to himself, or to others, by materials known or believed Co contain
2,3,7,8-TCBD." Section IV of this method contains guidelines and protocols
chat serve as minimum safe-handling standards In a limited access laboratory.

Analyte CAS Number

2,3.7,8-TCDD 1746-01-6

II. SUMMARY OF METHOD

Five (5) grams of anhydrous sodium sulfate ts placed in a 10 nl serum
vial and the vial with cap and septum is weighed. Approximately 5 grans of a
soil sample is added and [he vial is re-weighed. The sample is spiked with
internal and surrogate standards of isotopically labelled 2,3,7,8-TCDD. The
sample is mixed by shaking, and extracted with aceconicrile/dichloromechane
in the closed vial. An aliquot of Che excracc is taken and, after separation
from aceconicrlle, the dichloroBechane is used directly for GC/MS/MS analysis.
Clean-up should usually not be necessary for soil/sediment samples, but may
be necessary for other solid matrices analyzed by this method, therefore, a
clean-up procedure is included for Chose samples which do not meet quality
assurance criteria. Concentration of the extract may be done Co lower the
oinimum deteecable concentration. Capillary column GC/MS/MS conditions are
described which allow for separation of TCDO from the bulk sample matrix and
measurement of TCDD in the extract. -
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Quantification is based on the response of native TCDD relative to the isotopically
labelled TCDD internal standard. Performance is assessed based on the results for
surrogate standard recoveries, EPA performance evaluation samples, spike recovery
tests, and method and field blanks.

III. INTERFERENCES

Method interferences nay be caused by contaminants in solvents, reagents, '̂ 1"
glassware and other sample processing hardware that lead to discrete artifacts §
and/or elevated backgrounds at the ions monitored. All of these materials
oust be routinely demonstrated to be free from interferences under the
conditions of the analysis by running laboratory method blanks as described
in Section VIII.

0

The use of high purity reagents and solvents helps Co minimize interference
problems. .Purification of solvents by distillation in all-glass systems oay
be required.

Katrix interferences may be caused by contaminants Chat are co-extracted
from the sample. The extent of matrix interferences will vary considerably
from source Co source, depending upon the nature and diversity of the sample.
2,3,7,8-TCOD is often associated with other interfering chlorinated compounds
which are at concentrations several magnitudes higher than that of 2,3,7,8-TCDG.

The use of a' triple quadrupole mass spectrometer as the detector serves
to minimize the .influence of many of these interferents.

IV. SAFE-re,- "' • , ...̂

The following safety practices are excerpted directly from EPA Method
613, Section 4 (July 1982 version): See following page.
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fiorr\ (hit vrwpoint. expotur 10 thef
ChtfTtiCtIt mull be r*duc«d 10 lh<
lowen pot<it>l« (rvf by wn«rvr
n"K»n» ••••ilJbk Tne l»bo**iory r
flponnble fo* wrinifwog • cim«nt
•wirnrcc fil« of OSHA r«oul«tio<u
fQCid'ng the ff» handling of th«
chrm.c«t» •pec't'ed in lhi» method. A
rftrcnce fite of m«ten»l dJU handling
»heeli thould «l«obc made «vil»bl< 10
•n pe»ionnt( invoked in the chemical

•n»lrt'l. Acd'lional ifletencat to
tcbociory »<C(T «ie identified" ^o*.
Benzene •nd 2.3.7.B-7COD h«v« b««n
•de"iit«ed «t lut&ecled human or
m«mrnJli«n c«fcinoo»nt.

4.2 Each tJboctory mull develop •
»t'td »fetY p*og'»m <o' handling of
2.3.7.6-TCDD. The following libof-
lo'y t)rci*c«» •re fc&mmended;

4.2. f Conummaiion of the labor*-
10»y win be mimmi.red bv coodycting •tl
m<ni(»ytihont *f» • hood.

4.3.3 The »fflu<nii of 6«mp4e
ipliiitri fodhe QJS chioTi«iogr«ph •nd
foughmg pumpi, oo. The GC'MS choutd
p«ti trvoya^ cilher • column of
•:rv«i«J ctr*co»' 01 be bubbled
ir*f0yg^ • trp corifininp o<< or higH-
bo't.^a <ico^oii.

4 J.J IfQu'd^.tUt Khoufdbe
G'lSO>vfd in methJnol or llhanol •n4
Miad'tted »»ilh uliraviolet light wiih
^««e-cnglh o*f«t«f thfn 290 nmfo»
•evf** d«yt (U»e F <0 Bl I*mp» o«
«Q<JI»> tl.) An«ryfe liQuicf wstefc •no1

Cliipb:~ o* Ine •olui«on( when
3.3.7 6-TCDO c«n no lono«r b*
osfcrd. ' .1

4.3 Cow Chem*c«> US A h.i, ittued
thr following p'fC«LJt«ons <rBvited
1 1 •78) Iw ••f« hAndl.ng of
3.3.7.8-tCDD tn ihe laboftory:

4.J f Th« folfOvri^O KftBf^Cllt OA
n<( h»-kd>'ng «'• •« complef ftl
posfbtf on ihc bBS't of •v«l«bJ«
toxDlog'cftI infofminon. Tne
p<rc«*Jiton( to* f't hJtdlirtg •nd u»r

Oflflcd. •pcCit< rcommendcliont c»n

tx m»a< o l̂y ^0» th< p»rt«cuf»< fpotuf

•rid ci*cu<n«rncei of ••eh indiwdLJ*)
Lrf (ngLfi(*et iboul tprcific opmionx
o' ufr*i m«v b< •dd'eiied 10 th« Ooww
Ch»m*c»l Co*rtp<ny Attitmc* *n
*w»l^fll4ng the h«attHh«i«rd» of
p*n*Cw<B< pi«n« condiiioni m<y b«
obri'̂ d fio<n cenft'n con»u*img
l«bo«*to*<«« •ftd *»ow Sr« 0<p«<l-
'M"tl O1 Mflfh 0« Ol L«b0r. »"»ny of

wrh»Ch h«v •n mdv*t«i»l h««llh •••we*
2.3.7.8 7COO H •<ii>«m«iy io««c 10

<'J J ^̂ r '»*J

oeen mtO'CO lor yf't »*nthou1 t^ury in
•rk«lytic«l •no b«otog<c«l l«bo'«t0t«».
Tech'TQuci vied if7h»nd>'ng r»d*o-
•Ctivf •nd mf«cl>ou( m«l«fialfc •r«
•pplicJbie 10 2.3.7.8-TCOD.

4-3. ?. y fioi»ci*v EquipfTrnt:
Throw-ftwy plJCtic glovi. •pron or
tob coat. f'ttv c'-iici. •nd l«b hood
•drqutte fo> rdiofctiv work.

• 4.J. y.2 Tfn îno' Wo'kefi nrnJtl b*
irined m Ihe p*opcr rr>eihod of
fennoving of contJminated g<ove& •nd
ClOlhing wrthoul Conrciing th«
€»teT«of »ur1«CBC.

4.J. y.J Feconal Hvgi»r»e: Thorough
Wf.hing of h«nd& •nd Iofe«rm& •fief
f«Ch rTun<pu(«lion •nd before bfk&
(coffM. lunch, •nd BhitO.

4.3. T.4 Confinament: (sol«l«d wofk
•<««. pocled with «lgn&. »egregai»d
gl«fiwie •ndiooif. pl»tt<c-back«d
•bsofbeni pfper on b«nchtopK.

4.3.1.5 Wasie- Good rchruQiM
inckfdei rTunTnt{ing confmfnird
w&ie. PiatK b«g i*n«fi chould be
UMd m Wtif C«ni. J«ru(off mud be
lr*ned «n cfe handling of w«r.

4.3.1.6 OrtpoflofW<tft:
2.3.7.8-TCDD dccompo»es above
800 •C Low-level wnc »uch •& the
•bto<benT pflpe*. Itsxues, •n»m«t
iem«>ns •nd ptas1*c glwoeK m»Y b<
burned in • good incinertoi. Gro*t
Qu>nli1>ei <«TMU<g«»rnil •hould tf9
p«ch*G«d ftrcuiefv •nd drpofd
Ih'ough co"»f»»e»ci»t o> gowe*nfnenfl
ch»nne(« which »ie capable o< handling

high-level rad<o*ci«ve wfiei o« •
eKiiemety toxic wcies LiQuidi ihould
be •(lowed 10 •vpo'ale *n • good hood
•nd in » d'«po»«ble confin«i. R«k*dwc
nuv then tx h«ndl«d •• ftbov.

4.3. t. 7 Drconrminiiton: P»r«on*>—
•Hy nw(d toap with pleniv of •crufrtwogi
ftC<*on- Giticwre. Toofk. •nd1

Surt«cei - Chlo*oih»ne NU Sohfnt
ITttderrrfk of the DOW Ch<fT»rt»l
Cornp»ny) « ihr le««l io"«C ftolvni
«hD«wn io b? •Heci*we SJi<tf«cio<y
cleJrv*ng m»v be »ccomp,lith»d bv
f*n«ing wilh ChJoroihene. men v«n*ng
wlh •ny der<Q«nt •nd wfr. Oi»h

wt«i fn<t b* ditpoted to the »«wr. h
it pfudfni to m«n«rruf lolvent weft
benutf iher "^•v •egu**« •p«crl
d'spofi th*&uoh commeicf' »ou*c«i
wh<h •if tKp«n«>v«.

4 3.1.8 taund'y Coining known to
b« C0ni«fn*n«ied thoLild b« ditp0k*d
•Thihc p'eCftut'ont dft.c«txa und«r
"O'tpofl of W«ne» " Lab CMU of
Oth<« clolh'ng *«&»n rfi 2.3.7.8 TCDO

•nould b« coJiecrd in pl»ii,c b»gt.
Pmont who convy the b«gt •nd
Sunder lh< ck3ln.ng thould be •dvited
of the haftd •nd tfined in p<oo«f
hJndl*ng. Th< cloihing m<y be pirt imo
• wiher wrthoul confci H the

[ftunderef know» the problem. The
w«sher xhou4d be run ihfough • cvcle
txfo*e being vd •B«in fof olh«r
Ck»lh*ng.

4.3.1.9 Wipe TetH: A uietut method
ol detetmin.ng cle«ntjnei& of wo»h
•urfJces •nd tool it 10 wipe the kurface
wilh J piece of (.lie* ptper. E«l.«ci.on
•nd •n«lrslf br gafc chioiTrtogfphv
C»n • ch*«v« « lifrut of kenctlivny of 0.1
t-3 per wipe. Lext 1h«n 1 ^g
2.3.7.8-TCOD pe« &«mpJe ind*c«ies
»cceprble c*e«nlineii; •nYlhing highe»
wrcntK furthef cteTiing More th»n
10f0 on • wipe r'nple indic«1«t •n
•cute h«zacd •nd requifel prompt
cleaning be<o»e tunhcf ute of the
•ouipment or wo'k tpcce «nd md«C«le(
1uf1h«r lh«i un«cceprble wort.
pfdicet have been employed in the

pau.

4.3. f. 10 lnh»lBl*on. Any orocedufe
thai m»Y p'oduce •i'bo»"e conr'TKna
tion mud be done with good veni*i<non
GfOti lotici to • vennmion »Y«tew
muti not be •tiowed H»"dl'ng of the
dilute »olul«oni no*m»"v uleo <n
•n«(y1tCJl •nd •nim»l wo«i p«e»enil no
•nn»lc|ion hJfds CMCept in c«»e O* fn

..•cctdenl.

4.3.1. ft Accidentt. Remove t '
contaminated clothing immedrie'v.
t«k>ng pfecflui'onc nol to cont»»rnn»ie

•kin o« other Tticlei W<inexpo»efl
Ckin wigorout^ •nd repeBied'r uniit
fnedtCfi •llention i« obr<n«d



V . APPARATUS AND MATERIALS

All glassware is initially cleaned with aqueous detergent and then rinsed
with tap water, deionlzed water, acetone, toluene and methylene chloride.
Other cleaning procedures may be used as long as acceptable method blanks are
obtained.

Electronic balance, capable of weighing at least 50 g , with an accuracy
of at least _*_ 0.05 g. en

Shaker, vortex-type or equivalent 0\s
Centrifuge. 4000 rpm, capable of handling 25 am diameter vials

Centrifuge Cubes

^ 10 ml serum vials; with teflon faced septa and aluminum caps (Chrompak
10204 and 10213 or equivalent)

I ml serum vials; with teflon faced septa and aluminum caps (Chrompak
10201 and 10211 or equivalent)

Crimper for 10 ml serum vial (Chronpak 10233 or equivalent)

Crinper for.l nl serum vial (Chrompak 10231 or equivalent)

Disposable teflon 0.45 nicroo filters (Mllllpore SLHV025 HB. or equivalent)
-.^. •

5 ml disposable Claspak syringes (Sargent "tfeich S-79401-B or equivalent)

18 gauge'disposable syringe needle (Sargent Welch S-79402-G or equivalent)

Disposable pipets, 5 3/4 inches x 7 am o.d-

Glass wool, sllanized

Nitrogen blowdown apparatus

Cas chroniacograph - an analytical system with all required accessories
Including syringes and analytical columns. The Injection port must be designed
for capillary columns' and splitless Injection.

Triple quadrupole mass spectrometer with GC transfer line and glow
discharge ion source (TAGA* 6000, SCIEX0, or equivalent)

Compressed Gases: Zero Grade Air (from distillation, not water
hydrolysis)
Ultra High Purity Nitrogen
Ultra High Purity Argon

Column: 15 m long, wide bore fused silica capillary (eg. 0.32
mm I . D . )
DB-5 1.0 micron film thickness.
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VI. REAGENTS

Stock Standard Solutions

Stock standard solutions correspond to three toluene solutions concainin
unlabelled 2,3,7,8-TCDO at varying concentrations, and 1 C^-2,3,7,6-TCDD
(internal standard, CASKS 00494-19-5) at a constant concentration. These
solutions also contain - Cl4-2,3,7,8-TCDD (surrogate compound, CASRN 85508-
50-5) at varying concentrations. These stock solutions are Co be used in
preparing the calibration standard solutions, and are Co be obtained from the
Quality Assurance Division, DSEPA, Environmental Monitoring Systems Laboratory
(EMSL-LV), Las Vegas, Nevada. If not available from EHSL-LV, stock standard
solutions nay be prepared from commercially available standards. However,
the accuracy of these solutions must be checked against EPA supplied standard
solutions.

•̂
The three stock solutions will have the following concentrations of

unlabelled, internal and surrogate standards.

Stock Solution *I (CC1)

Unlabeled 2.3,7,8-TCDD - 0.2 ng/ul
"C^-Z.B.P.S-TCDD - 1.0 ng/ul
"'Cl^-Z.B.P^-TCDD - 0.06 ng/ul

Stock Solution <»2-^(CC2) .

Unlabelea 2,3,7,8-TCDD - 1.0 ng/ul
"Cly-Z^^.e-TCDD - 1.0 ng/ul
^'CIv-i.S.J.S-ICDO - 0.12 ng/ul

Stock Solution »3 (CC3)

Cnlabeled 2,3.7,8-TCDD - 5.0 ng/ul
—G\;-2,3,7.8-TCDD - 1.0 ng/ul
-"C1^-2,3.7,8-TCDD - 0.2 ng/ul

NOTE; Score stock solutions in 1 ml amber mini-vials under refrigeration.

Calibration Standard Solutions

Calibration standard soluclons are prepared to simulate the conditions
of sample analysis as nearly as possible. Three calibration standard solutions
are prepared from the stock standard solutions GO as Co contain constant
amounts of internal standard (5 ug/kg equivalent) uith variable amounts of
unlabeled standard ( 1 , 5 , and 25 ug/kg equivalent) and surrogate standard
(0. 3 , 0 . 6 , and 1.0 ug/kg equivalent). The equivalent concentrations are
based on the use of 5-gram samples, extraction with 5 ol of 2:1 acecontcrile:
dichloromethane, and a final extract volume of approximately 1 . 6 6 ml dichloro-
methane after removal of acetonitrile, as called for in the procedure.
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Low Level

Add 750 ul of stock solution l?l to a 5 ml volumetric flask and bring to
volume with dichloroniethane. Mix well. This solution contains an equivalent
concencratLon of 1 ug/kg of 2,3,7,8-TCDD, 5 ug/kg of C,5-2,3,7,8-TCOD, and 0.3
ug/kg of "C1^-2,3,7,8-TCDD.

Medium Level

Add 750 ul of stock solution S2 to a 5 ml volumetric flask and bring to
volume with dichloromethane. Mix well. This solution contains an equivalent
concentration of 5 ug/kg of 2,3,7,8-TCDD, 5 ug/kg of -•'0,7-2,3,7,8-TCDD, and 0.6
ug/kg of "C1^-2,3,7,8-TCDD.

Kigh Level

. Add 750 ill of stock solution #3 to a 5 ml volumetric flask and bring to
volume wich dichloromethane. Mix well. This solution contains an equivalent
concentration of 25 ug/kg of 2,3,7.8-TCDD, 5 ug/kg of "C n-2,3,7,8-TCDD, and 1.0
ug/kg of •"Cl^^^^-TCDD.

NOTE 1: Although the surrogate, ^Cl^-Z,^^ ,8-TCDD, is present in all three
level calibration solutions, only the high level solution is used for calculating
the relative response factor for the surrogate.

NOTE 2: AU calibration standard solutions must be stored in an isolated
refrigerator, and protected from light. Check these standard solutions frequently
for signs of evaporation.

Sample Spiking Solution

The sample spiking solution is also to be obtained from the Quality
Assurance Division, U. S. EPA Environmental Monitoring Systems Laboratory
(EMSL-LV), Las Vegas, Nevada. The spiking solution will have the following
concentrations of internal and surrogate standards.

"C.^.B.P.a-TCOD - 0.5 ng/ul
-"C14-2.3,7,8-TCDD - 0.1 ng/ul

When 50 ul of this solution is spiked in 5 g of soll,^the resulting
concentrations in the soil are 5 ug/kg and 1 ug/kg of internal and,surrogate

standard, respectively.

It is recomBended chat approximately 2.5-5 ml of the spiking solution be
transferred to a 5 ml serum vial and sealed with a septum and cap prior to
each day's work for use in spiking samples chat day.

NOTE: Ic is very important that no evaporation of sample spiking solution
be allowed to occur, since the accuracy of results are directly dependent on
the addition of a known amount of internal standard.
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Fortified Field Blank Spiking Solution

The fortified field blank spiking solution is also to be obtained from
the Quality Assurance Division, U. S. EPA, Environmental Monitoring Systems
Laboratory (EMSL-LV), Las Vegas, Nevada. The spiking solution will have the
following concentrations of unlabelled. Internal, and surrogate standards:

0̂
2 3,7.8-TCDD - 0.1 ng/ul g
"C.^-Z.a^o-TCDO - 0.5 ng/ul ^
—C1^-2,3,7,8-TCDD - 0.1 ng/ul g

When 50 ul of this solution is spiked in 5 grams of soil, the resulting
concentrations in the soil are 5 ug/kg of internal standard and 1 ug/kg each
of unlabelled and surrogate standard.

NOTE: It Is very important Chat no evaporation of field blank spiking
solution be allowed Co occur, since the accuracy of results are directly
dependent on the addition of a known amount of internal standard.

Solvent •

All solvents should be pesticide grade or equivalent. The following
solvents will be needed:

Acetonlcrtle
Dichloromethane
Cyclohexane
Toluene
Benzene. -
Hechanol •'.'

Silica Cel "

Type 60, 70-230 mesh. Soxhiec extracted with dichloromethane for 24 hours,
then activated for 24 hours at 130°C.

Acid Alumina

AC 4, 100-200 mesh. .soxhiec extracted with dichloroniethane for 24 hours,
then activated for 24 hours ac 190°C.

Carbopack C. 80/100 mesh or equivalent

Cellte 545, not add washed, or equivalent

Sodium Sulface '

(ACS) granular, anhydrous.

VII. CALIBRATION AND LIMIT OF DETECTION DETERMINATIONS

Calibration must be done using the internal standard technique. In this
case, the internal standard is an Isotope of the compound-of-lnterest, and
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therefore, che technique is also referred Co as isocope-dilution-mass spectro-
mecry. The three calibration standard solutions described in section VI are
required.

Inject 1-2 ul of each of the calibration standard solutions and acquire &
selected reaction monitoring data for the following parent- daughter ions: 0

0"\

ffl/z - 320 257 5
m/z - 322 259
m/z • 328 263
B/Z - 332 268

For simplicity in subsequent sections, we will refer only to the daughter
ions, since quancitation is based on daughter ion response.

Relative response factors for unlabelled 2,3,7,8-TCDD vs the internal
standard for triplicate determinations of each of the three calibration
standard solutions are calculated.

Equation I: Relative Response Factor (RRFs) for 2,3,7,8-TCDD

RRTs - (AsC^)/(A^Cs)

where Ag - the sum of the area responses for the ions, m/z 257 and 259,
corresponding to the unlabelled standard, 2,3,7,8-TCDD.

A^-. - the area response of the ion m/z 268, corresponding to the
'- .:. internal standard, "C ̂ -2,3.7,6-TCDD.

•Cg'- the concentration of the unlabelled standard, 2,3,7,8-TCDD

"C, - the concentration of the Internal standard, Ci^-2,3,7,8-TCDD.

In the case of the unlabelled 2,3,7,8-TCDO each of the calibration
Standard solutions must be analyzed in triplicate, and the variation of the
RRP values for each compound at each concentration level must not exceed 102
RSD. If the three mean RHF values for each cornpoun.d do not differ by more
than + 10Z, the RRF can-be considered to be independent of analyte quantity
for the calibration concentration range, and the mean of the three oean RRFs
shall be used for concentration calculations. The overall mean is termed a
calibration factor.

Similarly, relative response factors for the surrogate standard vs the

internal standard for the triplicate determinations of the high level calibration
solution are also calculated.

Equation II: Relative Response Factor (RRFgg) for ^Ci^-l^.J .S-tCDD

^ss - <Ass<:is>/<AisCss)

where Agg - the area response of the daughter ion, B/Z 263, corresponding to
the surrogate standard, -'C1^-2,3.7,8-TCDD.*

* Subtract 0.0108 of any 257 response from the 263 response to correct for
contributions of 2,3,7.8-TCDD Co the 263 response.
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A— = the area response of the ion m/z 268, corresponding to the
internal standard, --C^-2,3,7,a»TCDD.

C - the concentration of the surrogate standard, Cl4-2,3,7,8-TCDD.

and C, - the concentration of the internal standard, C^-2,3,7,8-TCDD.

In the case of the surrogate standard, 3 C].^-2,3,7,8-TCDD, the variation
of the three RRF values for the high level calibration solution should not
exceed 102 RSD. If this is the case, the mean of the three RRFs shall be
used for concentration calculations. The overall mean is termed a calibration
factor.

The calibration factor for the unlabelled 2,3,7,8-TCDD Bust be verified on
each work. shift of 12 hours or less by the analysis of a low level calibration
standard. If the RRF for the low level calibration differs froo the calibration
factor by more than 10Z, the entire calibration oust be repeated and a new
calibration factor determined. The overall mean relative response factor
must be used in all calculations. This verification Is only required for the
unlabelled standards. There is no need to check the surrogate calibration
factor unless the surrogate recoveries appear biased or. consistently fall outside
the 60-1402 control Holes.

The theoretical ratio of the a/x 257 to 259 ions for native 2,3,7,8-TCDD
is 1.02. However, in practice this ratio will differ from the cheorecical due
to the very Ipw resolution used in both analyzing quadrupoles for this type of
analysis. The ratio oust therefore, be determined empirically as follows:

Equation I III: (Ratio of native TCDD daughter Ions) •

Ratio - A257/A250

: ' ' ' " ' "
where'A257 — Area response for Ion n/z.257

A259 " Area response for Ion m/z 259

The mean of the ratios calculated for each of the nine calibration
solutions is used for comparison purposes for qualitative identification of
2,3,7,8-TCDD. An acceptable Ion ratio range is determined by Caking ^10Z of
the mean ratios for the nine calibration analyses.

It has been found that the sample spiking solution also gives responses
for the 257 and 259 daughter Ions corresponding to 2,3,7,8-TCDD. These
contributions must be subtracted out for each sample. In order to determine
this correction factor, add 150 ul of the sample spiking solution Co a 5 ml
volumetric flask and bring to volume with dichloromechane. Twenty 1-2 ul
injections of Chls solution must be made and Che ratio of the area responses
for the sum of the m/z 257 and 259 ions vs the a/z 268 Ion oust be calculated.
Twenty separate ratios muse be determined.
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Equation IV: Blank Response ( B ) of Sample Spiking Solution

B - AO/A^ ^
0

where A^ " Che sum of the area responses for Che ions, n/z 257 and 259, r-^
obtained with the spiking solution 0

and A^g = The area response of the ion n/z 268, corresponding to the
internal standard C.^-2,3,7,8-TCDD present in the spiking
solution.

The correction factor for the blank contribution to sample response is
then calculated as the mean of the 20 blank responses.

Equation V : Correction Factor ( C . F . ) for Blank Contribution

C.F . - ^.B
n

where" B - The sum of the individual blank responses determined by
Equation IV.

n - Number of replicate measurements of the blank response (20 are
required for initial determination).

Limit Of Detection

The empirical limit of detection will be calculated based on the variability
of the blank responses. The blank responses correspond Co those obtained
from repeat injections of the (diluted) sample spiking solution. Each blank
response must be converted to an equivalent concentration Sf 2,3,7,8-TCDD.

Equation VI: (Conversion of Blank Response Co An Equivalent Concentration of
2,3,7,8-TCDD)

Ci, - Aj, x Q^s 25 x AI> .

Ais x RRFg x W 5 x A^s x RRFg

where Ci, - equivalent concentration of 2,3,7,8-TCDD in blank (spiking
solution) (in units of ug/kg or ppb)

A() - the SUB of the area responses of the ions n/z 257 and 259 for
the blank

Aj_g " the area response of the ion m/z 268, corresponding to the
internal standard

RRFg " The relative response factor previously determined for
2,3.7,8-TCOO (Equation I)

Q^s - 25 nanograms (the weight of internal standard added Co each
sample)
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U - 5 grams (the weight: of uet soil used for each sample)

The standard deviation of the blank responses (In concentration unit."
muse then be calculated.

Equation VII: (Standard Deviation of The Blank Responses)

S^ - / U^2) - (±C^,)2/n

V n ^ l

where Sj, - standard deviation of the blank responses (in units of ug/

C(, - blank response in concentration units (calculated using
Equation VI)

Q » number of replicate blank results used (20 are required)

Finally, the limit of detection must be calculated from che standard
deviation of Che blank.

Equation VIII: (Limit of Detection Based on "Well-Known" Blank)*

LOD - 2 t Sj,

where LOD « Limit of Detection

" :. c - the 102 point of the c statistic for a double-sided table
with n-1 degrees of freedom (where n is equal to the nu
of blank results used). NOTE: The LCD must be calculac.
based on at least 20 replicate blank (1-e- spiking solu
analyses. For n - 20, t - 1.72.

The limit of detection calculated from equation VIII should be less cl
che required limit of detection of 0.3 ug/kg.

VIII. QUALITY CONTROL REQUIREMENTS

The following quality control (Q.C.) requirements are listed In the
order chat they must: be run. Requirements 1 and 2 are to be run initially
before any other samples. Requirement' 3 Is Co be Included with each batch
real samples chat is run in one 12-hour time period or on each shift. The
requirements 4 and 9 are Co be met for each set of samples analyzed. Item:
5, 6, and 7 are to be met for each set of samples If submitted by the samp:

Ceam. Note: Requirements 4-8 are considered automatic rerun criteria and
therefore are pare of the principal sample analysis and are not billable.

* Reference - Currle, Lloyd A. "Limits for Qualitative Detecclon and
Quantitative Determination" Anal, Chea., 40, 3, 586-593, 1968 0

L/~l
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1 . An initial calibration must be performed using calibracion standard
solutions with varied ( 1 , 5 , and 25 ug/kg equivalent) native TCDD and 5 ug/kg
equivalent internal standard. Calibration for the surrogate standard will
be based only on the high level standard ( 1 ug/kg equivalent). The criteria
given in Section VII must be met or the calibration oust be repeated. All
samples associated with an unacceptable Initial calibration must be reanalyzed

2. Initially, 20 replicate determinations of the spiking solution must
be run and a correction factor calculated. Twenty separate ratios must be ,_i
determined (Equation IV) and used in calculating the mean correction factor ^
(Equation V ) . §

3. A 1-polnt check verification using Che 1 ug/kg equivalent native TCDI
and 5 ug/kg equivalent internal standard must be run once every 12 hours or
on every shift, whichever is more frequent. If the RRF values from this
calibracton check differ by more than ̂  10Z from the previously determined
mean relative response factor (RRFs), the 3-point calibration must be repeated.
All samples associated with an unacceptable 1-point calibration check must be
reanalyzed. The calibration check for the surrogate is not necessary unless
the surrogate recoveries appear biased and/or consistently fall outside the
60-1AOZ control limits.

4. A laboratory 'reagent blank" must be run along with each batch of 24
or fewer samples. A reagent blank Is performed by executing all of the
specified extraction steps, except for the introduction of a 5 gram sanple.
The reagent blank is also dosed with the Internal standard and surrogate
standard. Results for the reagent blank oust be calculated the same "ay as
samples. This Includes correction for the spiking solution contribution as
indicated in Equation IX. A positive response > 0.3 ug/kg of native TCDD must
be followed by relnjectlon. If still positive, re-extraction and reanalysis of
all related positive samples Bust be done.

5. "Field blanks" may be provided Co monitor for possible cross-
contami nation of samples in the lab. The "field blank" will consist of
uncontamlnated soil (background soil taken off-site). A positive response ̂
0.3 ug/kg native TCDD must be followed by relnjecclon. If still positive,
all positive samples associated with Che field blanks oust be re—extracted
and reanalyzed.

6 . One sample may be provided by EPA, and must be spiked with native
2,3,7,8-TCDD at a level of 1 ug/kg for each set of 24 or fewer samples. The
Field Blank Spiking Solution (Section VI) should be used to spike the designated
sample. The recovery must be 0.6 to 1.4 ug/kg or the analysis stopped and
all related samples must be re-extracted and reanalyzed-

7. The laboratory may be given performance evaluation samples by EPA
to run with each batch of samples. The results 'from these performance evaluation
samples will be evaluated by EPA. If a result Is not within the acceptance
criteria set by EPA, all samples In the batch associated with Chat PE sample
•use be re-extracted and reanalyzed.

8. Each sample must be dosed with 50 ul of the sample spiking solution
containing internal standard (equivalent to 5.0 ug/kg) and surrogate standard
(equivalent Co 1.0 ug/kg). The surrogate recovery must be 0.6 to 1 . 4 ug/kg
or the sample must be re-extracted and reanalyzed.
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9. Qua l i t a t ive requirements a-e must be met in order Co confirm the
presence of native 2,3,7,8-TCDD; qualitative requirements d and a Bust be
met In order to conf i rm the absence of native 2,3,7,8-TCDO.

a. The retention cine must equal (within 3 seconds) the retention
time for the Internal standard.

b. The 257/259 ratio muse be within the range ^ 10Z of the value
of the mean ratio determined in Section VII , (Equation III).

c. The Ion responses at 257 and 259 must be present and maximize
together. The signal to mean noise ratio must be 2.5 to 1 or better for both
daughter Ions. (Determine the noise level by measuring the random peak to
valley signal present on either side (within 20 scans] of the 2,3,7,8-TCDD
retention window. The 2,3,7,8-TCDD signal must be at least 2.5 times larger
than this.)

d. For those samples giving non-dececc results, the result must be
less than the 0.3 ug/kg required limit of detection. Otherwise the analysis
must be stopped and interferences identified and corrected until the 0.3
ug/k'g required limit of detection Is oet.

e. For each sample, the Internal standard must be present with at
least a 10 to 1 signal Co noise ratio based on the m/z 268 ion response.

IX. SAMPLE COLLECTION, PRESERVATION AND HANDLING

The procedures for sample collection, shipping and handling will be
specified by the -EPA Regional Off ice responsible for the monitoring exercise.
The sampling team will be provided with an 8 ounce glass jar, and 30-300 grams
of soil will lie-collected. When received In the laboratory, the sample should
be thoroughly mixed In the Ja r ' fo r a minimum of 3 minutes, using a stainless
steel spatula-. The spatula should be used Co break up large clumps of soil
while mixing Co achieve a homogeneous sample.

A 5 gram aliquot sample cust be taken and placed in a pre-welghed 10 nl
serum vial containing approximately 5 grams of anhydrous sodium sulfate
together with a Teflon-faced septum and cap- (The entire vial, Na^S04, septum
and cap is pre-weighed and labelled). The 5 gram aliquot sample should be
representative of the entire sample. Thus, large stones or other particles
which are uncharacteristic of the sample, should not be Included in the
aliquot.

Samples may be stored under ambient conditions as long as temperature
extremes (below freezing or above 90°F) are avoided. Samples muse be protected
from light Co avoid phocodecomposltlon. .

All samples must be extracted and completely analyzed within 24 hours.
Extracts must be held for 7 days following EDS and unused sample portions for
30 days following EDS, prior to disposal. Sample extracts and unused sample
portions must be submitted within 7 days of wr i t ten request by the Project
Off icer or SMO.
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X. SAMPLE EXTRACTION ;
<

CAUTION: Although the sample and standards are sealed throughout tlie
extraction procedure, there is always the possibility of leakage and breakage
(especially during the sample spiking and cencrifuging steps). The analyst
should, therefore, be fully protected by wearing plastic gloves and laboratory
jacket (a face protector is optional). See Section IV for details on specific
safety requirements.

1. Prepare extraction solvent by mixing two volumes acetonlcrile with one
volume dichloroniethane. Mix solvents thoroughly.

2. Add approximately 5 g. of sample Co the sample vial containing 5 g.
anhydrous sodium sulfate and determine the net weight of sample (to 3 signi-
ficant figures).

3« Add 50 ul of the sample spiking solution (containing both internal
and surrogate standards). The solution will contain 0.5 ng/ul of internal
standard and O.I ng/ul of surrogate standard. Add the 50 ul solution directly
Co the soil, spreading ic over several sices on che surface of the soil.

4. Attempt Co mix the soil and sodium sulfaCe by shaking. (Extremely
wee samples may not mix well, but DO NOT open che vial to scir the concents.)
Additional anhydrous sodium sulfate should be added if needed.

5. Pierce the septum with a disposable needle and leave che needle in
place to vent the contents while the extraction solvent is incr.oduced.

6. Add 5. ml of the 2:1 acetonitrlle: dichlorooethane extraction solvent
using a 5 ml syringe and disposable needle. Retain the syringe for solvent
additions only.

NOTE; Additional extraction solvent can be added if the analyst judges
this necessary to achieve efficient extraction on a particular sample.

7. Remove the syringe and both needles (they should be.Created as
Chough contaminated). Dispose of both needles.

8. Shake the vial vigorously on a vortex mixer for 2 minutes.

9. Centrifuge the vial and concents at 4000 rpn for 2 minutes. Remove
carefully so as not Co disturb the sediment. '

10. Insert a needle chrough che septum so Chat it just breaks the surface
of the septum inside che vial. Using a clean disposable syringe and needle,
withdraw approximately 1 ol of Che excracc; NOTE: The ocher needle chrough che
septum serves Co equilibrate the pressure upon withdrawal of the extract.

11. Invert Che syringe and wichdraw the plunger Co remove che excracc
from Che needle. Dispose of che needle (ic is concamlnaced).

12. Place a 0.45 micron disposable Teflon filcer on che syringe and inject
the excracc inco a clean 10 ml serum vial containing 9 ml distilled water.
Dispose of the syringe and the filter.
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13. Using a Teflon lined septum an3 an aluminum cap, cover and crimp the
vial containing the uacer-extract mixture.

Tf
l^. Manually shake the vial vigorously for about one minute. '/'>

0\
15. Centrifuge the vial Co separate the dichloromethane phase from the

water/acetonltrile phase. The dichloromechane phase will appear as a small
bubble at the bottom of the vial.

0

1 6 . Prepare a miniature drying tube as follows:

a. Plug the tip of a disposable pipet with a small amount of sllanized
glass wool.

b. Add approximately 1/2 cm anhydrous sodium sulface.

17. With a disposable syringe and needle, remove the dichloromechane phase
from the vial (step 15) as completely as possible.

'"1 8 . Transfer the dichloromechane phase through the drying tube into a clean
1 ml serum vial.

19 . Rinse the drying tube with one-half ml dichloromethane, and collect
in the same 1 ml serum vial.

20. Under a stream of nitrogen, evaporate the solvent gently until the
volume of solution remaining in the serum vial is 0.05-0.1 ml.

21. Seal the 1 ml serum vial with a Teflon lined septum and cap. Label the
vial appropriately.

XI. CLEANUP • ' • • ' • '

The need for cleanup is indicated when,a particular extract does not meet
the QC criteria for the coelutlon of "all four monitored ions, surrogate recovery,
the ratio A^y/A;^, or the signal to noise ratio for ion 268. It has been noted
that dust samples often contain.matrix interferences which coelute with native

• TCDD and should be processed using both cleanup procedures. Two cleanup proce-
dures are given below. ' . . .

A. Modified Option A Cleanup

1. Plug the tip of a disposable pipe! with a small amount of silanized
glass wool.

2. Place approximately a 1 cm layer of silica gel over the glass wool.

3. Place approximately a one-half cm layer of anhydrous sodium sulface
over the silica gel.

4. Plug the tip of a second disposable ptpet with a small amount of
sllanized glass wool.

5. Place approximately 0.5 cm acid alumina .over the sllanized glass wool.

6 . Place approximately 0.5 cm anhydrous sodium sulface over the alumina.

III-46



7. Arrange Che two columns so chat the silica gel column will elute onto
the alumina column, and the alumina column drippings will be collected
in a vial.

8. Rinse the two columns with 0.5 ml cyclohexane and discard the eluate.

9 . Open the vial containing the extract and add 1 ml cyclohexane to the
extract.

10. Under a scream of nitrogen, carefully evaporate the dichloromethane from
the extract vial (the volume of the remaining solution should be just
under I ml).

11. Transfer the entire concents of the extract vial onto the silica column,
arranged as specified in step 7.

12. When the solution just reaches the surface of the sodium sulface laye;
in the silica gel column, add 0.5 ml cyclohexane.

in
13. Repeat step 12 a second time. Allow the solution to drip completely ^

after the second addition of cyclohexane. Ĉ
3

14. Discard Che silica gel column.

15. Rinse the alumina column with an additional 1 ml cyclohexane. Discan
the accumulated eluates in the vial beneath the column.

16. Place a clean 1 oil serum vial under the alumina column.

17. Elute the alumina column with three successive portions of 0.5 ml each
of 152 by volume dichloroinechane in cyclohexane, collecting the eluate
in the clean vial.

18. With gentle heating and under a scream of nitrogen, evaporate the solvent
until the volume In the vial is 0.05-0.1 ml.

19. Seal the serum vial with a teflon lined septum and cap.- Label the vial
appropriately. NOTE: If It Is a priori known chat the second seep of
cleanup Is required, evaporate the sample In stage 18 to just below
1 ml and Immediately proceed with a second cleanup as described below.

B. Option.J Cleanup

All samples Indicating the presence of other TCDD Isomers or which contain
compounds co-elucing must be cleaned up using Option D.

1 . In advance, prepare a mixture of 3 . 6 g Carbopack C with 16.4 g Cellte
545. Activate the mixture at l30°C for 6 hours.

2. Plug the tip of a disposable pipet with a small amount of sllanlzed glass
wool.

3. Place 2 cm layer of the carbopack-Celfce mixture over the glass wool
plug, using suction to pack the column.
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/'. Rinse the column sequential ly with 2 ml toluene, 1 ml dichloromechane-
inechanol-benzene (75:20:5 by volume), 1 ol cyclohexane-dichloromethanc
1:1 by volume), and f inal ly 2 ml cyclohexane. Collect the eluate in <
vial and discard the eluace.

^0
5. Dilute the extract which has been cleaned up by the Modified Option A l/"1

procedure to 1 ml with cyclohexane. 0>,

6. Maintaining a discard vial under the column, introduce the extract
onto the column.

7. After Che solvent has drained, rinse the column successively rich 2 ml
cyclohexane, I ml cyclohexane-dichloromechane mixture (1:1 by volune)
and 1 ml dichloromechane-tnethanol-benzene mixture (75:20:5 by volume).

8. Allow the column Co drain completely and discard the accumulated eluates.

9. Place a clean serum vial under the column.•̂

10. Elute the dioxin from the charcoal with 2 ml toluene.

11. With gentle heating and under a stream of nitrogen, concentrate the
extract Co a volume of 0.05-0.1 ml.

12. Seal the serum vial with a Teflon lined septum and cap. Label appropriately

XII. GC/MS/MS ANALYSIS

1. Table 1 summarizes the 15 a OB-5 gas -chromacographic capillary
column and operating conditions. The 15 a DB-5 column has been used for
chroinatography'which Is not Isomer specific (no valley Is observed between the
1,2,3,4-TCDD and 2,3,7,8-TCDD Isoraers).

2. Standards and samples must be analyzed under identical MS/MS
conditions. Selected Reaction Monitoring (SRM) scans are used, using a scan
time to give at least five points per chromacographic peak. Recommended
MS/MS conditions are given In Table 2.

3. Verify the Calibration of the system as described in Section VII.
The volume of calibration standard Injected should be approximately the
same as all sample injection volumes. The requirements described in Section
VIII, Pares 9a, b, c and e must be met Tor" all calibration standards.

*. Inject a I to 2 ul aliquot of the sample extract.

5. The presence/absence of TCDD is qualitatively confirmed if the
criteria of Section VIII, Part 9, are achieved.

6. For quantltaclon, measure the area response of the a/z 257 and 259
peaks for 2,3.7,8-TCDO; the a/z 268 peak for "C^^^.P.S-TCDO, and the n/z
263 peak for Cl,-2,3,7,8-TCDD. Calculate the concentrations of native and
surrogate standards using the following equations:
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Equation IX: (Calculation of concentration of native 2,3,7,8-TCDD)
t-~

((A./A,.) - C.F.) (Q,.) g

RRFs x U 0

where Cg " The concentration of native 2,3,7,8-TCDO in ug/kg

Ag - the sum of the area responses for the ions, a/z 257 and 259

A^g - the area response for che ion n/z 268

C.F. - correction factor for spiking solution (blank) previously determined
(Equation V)

Q, - qancicy (in nanograms) of Cn-2,3,7,6-TCDD added to the sample befon
extraction

RRFg - Overall mean reladve response faccor for 2,3,7,8-TCDD calculated
previously (Equation I) for the initial calibration.

W • weight (in grams) of wet soil or sediment sample.

la evaluating the results, a distinction must be made between quantitative
measurement and qualitative identification of 2,3,7,8-TCDD. The following steps
must be followed in the treatment of all sample results:

1. Calculate the concentration of native 2,3,7,8-TCDD using equation IX.

2. DecennlTie if all of Che qualitative identification criteria are net.

3. If'all qualitative identification criteria are met, report the
concentration found by equation IX, regardless of concentration.

4. If che qualitative identification criteria are noC net, and the
concencration calculated by equation IX is less Chad the required Unit of
detection of 0.3 ug/kg, report the concentration as less than 0.3 ug/kg (i.e.
<0.3 «g/kg). -

5. If the qualitative identification criteria are not met, and the
concentration calculated by equation IX Is greater than the required limit of
detection of 0.3 ug/kg, the extract must be reinjected. If the qualitative
identification criteria are still not met and the result Is still greater than
0.3 ug/kg, the extract oust be cleaned up or the sample reanalyzed until a
satisfactory result is obtained. (I.e. posiclve result or negative result
below 0.3 ug/kg).

NOTE: In reporting results for sample analysis, a comparison Is made with
the required limit of detection. The lialc of detection based on the blank
(Equation VIII) might also be used, but Interferences may be present and
introduce false positives in some cases. However, as explained In Section
VII, the empirical limit of detection based on"the blank must be less than
the required limit of detection of 0.3 ug/kg.
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Equation X: (Calculation of concentration of surrogate standard, Cl^- °°
2,3,7.8-TCDD) S

a>

^s x Qi-s 3

A^g x RKFs3 x W

where C - the concentration of surrogate standard Cl,-2,3,7,8-TCDD
in ug/kg.

Agg ~ the area response for the ion m/z 263*

A^g - the area response for the ion m/z 268

Q, - quantity (in nanograms) of Cn-2,3,7,8-TCDD added to the
sample before extraction.

RRF - Overall mean relative response factor for ^Cl^-P.S^ ,8-TCDO
calculated previously (Equation II) from the high level
initial calibration standard.

W - Weight (in grams) of wet soil or sediment sample.

* Subtract 0.0108 of any 257 response from the 263 response to correct for
contributions of any 2,3,7,8-TCDD to the 263 response.

Native 2,3,7,8-TCDD contains an innate quantity of 37 Cl^ -2,3,7,8-TCDD.
Except at hi'gh. concentrations of native 2,3,7,8-TCDD, this contribution is
too small to significantly affect the calculated concentration of surrogate

Cl^-2,3,7,8-TCDD. The theoretical correction is calculable on the basis of
isotope distribution and amounts to 1.082 of the m/z 257 peak. (This correction
should be checked at low resolution by analyzing about 200 pg/ul of unlabelled
2,3r,7,8-TCDD.) On this basis, the correction to the area count of the surrogate,
is made as follows:

*263 - ^63 - 0-0108 *257

Calculate the analytical percent recovery of the surrogate standard.

Surrogate amount measured* (nanograms) X 100
Analytical — 5 ng

-Percent Recovery

* NOTE: The amount Measured is equal to the concentration found by
equation X multiplied by the weight of soil used for the sample (i.e., Cgg x

W).

XIII. METHOD PERFORMANCE - — . . . - ,

The required detection limit for this method is 0.3 ug/kg. For certain
samples, this detection limit may not be achievable because of interferences.
These samples require cleanup as described hi Section XI. This method has
been compared with the EPA-IFB CC/MS Method for 2,3,7,8-TCDO and found Co be
applicable Co analyses of soils where 2,3,7,8-TCDD is the only Cecrachloro
isomer known Co be present.
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TABLE I

OPERATING CONDITIONS FOR DB-5 GAS CHROMATOGRAPHY COLUMN

COLUMN

Length

I. D.

Film Thickness

2,3,7,8-TCDO R. T. (approx.)

Carrier gas

Initial Temperature

Initial Tine

Splitless Tine

Program Kate

Final Temperature

Split Flow

Septum Purge Flou

Capillary Bead Pressure

Transfer Line Temperature
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DB-5

13 B

0.32 am

1.0 micron

5-6 Bin.

"2

150'C

1.0 min.

1.0 min.

20"a/Bin.

240 •C

20 nil/Bin.

0.6 ml/min.

8 psi

240*C



TABLE 2

MS/MS OPERATING CONDITIONS

0
<0
0
0".

3

Instrument

Ion Source

CI Reagent Gas

Reagent Gas Flow

Source Tempera cure

Discharge Current

01 Resolution

Q3 Resolution

Collision Energy (LAB)

CdUision Gas •' :.

Collision Gas Thickness

TAGA® or TAGA® 6000E

Tounsend/glow discharge CI

Zero grade air (H; and He free)

35 ̂  mi/Bin.

200*C

-I nA

3 aou at 502 peak height at ni/z - 320 (single MS

3 amu at 50Z peak height at m/z • 320 (single MS

55eV ((OR + GR)/2-R2] or 55eV (OR - R;)

Ar .

*00 x 1012 molecules/en2

-52- <?-»
Ions Monitored:

320 257 (nacive-TCDD)
322 259 (nacive-TCDD)
328 263 (surrogate standard)
332 268 (internal standard)
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XIV. DATA REPORTING

Report all data in units of micrograms per kilogram of wee soil. Use
three significant figures at concentrations above I ug/kg and 2 significant
figures at concentrations below 1 ug/kg. See Exhibit II for specific data
reporting requirements.
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URGC/LRMS METHOD FOR SOLID SAMPLES

I. Scope and Application . C

This method is for use in the rapid determination of 2,3,7,8-Tecrachloro-
dibenzo-p-dioxin in soil and sediment at concentrations of 1 ug/Kg Co Co
25 ug/Kg in 10-g aliquocs of wet soil/sediment. This method may also be
used for other solid matrices such as dust, wood fiber, vegetation and
insulation samples. The minimum measurable concentration is estimated
to be 0.3 ug/Kg, but is dependent on Interfering compounds present in the
sample matrix. The method includes a rapid preparation procedure, which is
estimated to permit the processing of 24 samples for GC/MS analysis in 10
hours. Thus, the method is particularly applicable when rapid analyses
are required, such as in site cleanup operations.

The meLhod is intended Co be used in chose cases where 2,3,7,8-TCDD is
known to be the only isomer of concern. Therefore, there is no requirement
chat isomer specificicy be demonstrated. This approach is a conservative
one when applied to cleanup operations, since false negatives are of more
concern than false positives. An optional procedure is included for use
when the demonstration of isomer specificity is judged necessary.

The final -measurement process utilizes low resolution mass speccrometry.
This measurement is restricted to use only by or under the supervision of
analysts experienced in the use of gas chromacograph/mass spectrometers
and' skilled.In the interpretation of mass spectra. -(Note-High resolution
mass spectromecry may also be used, buc is not necessary).

Because/of the extreme toxicity of this compound, the analyst oust prevent
exposure Co himself, or Co others, by materials known or believed to
contain 2,3,7.8-TCDD. Section IV of this method contains guidelines and
protocols chat serve as minimum safe-handling standards in a limited
access laboratory.

,"
Analyte - CAS Number

2,3,7,8-TCDD 1746-01-6

II. Summary of Method

A 10-gram sample of soil is spiked with internal and surrogate .standards of
isocopically labeled 2,3,7,8-TCDD. The wet sample is mixed with 20 grams of
anhydrous sodium sulface prior to exCractlon'with acetone/hexane using a
jar extraction technique. The method provides cleanup procedures co aid
in the elimination of interferences chat may be encountered. The extract
is concentrated to a volume of SO uL. Capillary column CC/MS conditions
are described which allow for the separation and measurement of 2,3,7,8-TCDD
in the excracc. Quantication is based on the response of native TCDD relative
to the isocopically labeled TCDD internal standard. Performance is assessed
based on extensive quality assurance requirements (Section VIII). These
Include a requirement for accuracy of surrogate measurement on each sample.
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III. Interferences
m
''0o

Method interferences may be caused by contaminants in solvents, reagents, 0s'
glassware, and other sample processing hardware that lead to discrete ^
artifacts and/or elevated backgrounds at the ions Monitored. All of
these materials muse be routinely demonstrated Co be free from interference
under the conditions of the analysis by running laboratory method blanks
as described in Section VIII.

The use of high purity reagents and solvents helps to minimize interference
problems. Purification of solvents by distillation in all-glass systems
may be required.

Silica gel, alumina, and carbon column cleanup procedures have been
included to remove interferences present in samples (Section XI).

-IV. Safety

The following safety practices are excerpted directly from EPA Method 613
Section 4 (July 1982 version): See following page.

In addition Co Che EPA Method 613 concerns, the analyst should note that
finely divided dry soils contaminated with TCDD are particularly hazardous
because of the potential for inhalation and ingestion of fine parciculaces
containing TCDD. It is recommended chat such samples be processed in a
confined environment, such as a hood or glove box. Lab personnel handling
these types of samples should also wear masks fi t ted with charcoal
adsorbent media to prevent inhalation of dusc.

V. Apparatus and Materials

All glassware is initially cleaned with aqueous detergent and then rinsed
with tap water, deionized water, acetone, toluene, and aechylene chloride.
Other cleaning procedures may be used as long as acceptable method blanks
are obtained.

Grab sample bottle - glass, pint volume, fitted with screw caps lined
with Teflon. Foil may be substituted for Teflon if the sample is not
corrosive. If amber bottles are not available, protect samples from
light. The container must be washed, rinsed with acetone or methylene
chloride, and dried before use to minimize contamination.

Clearly label all samples as "FLAMMABLE SOLIDT and ship according to DOT
requirements.
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each chemical comoound shoukf b«
Heated as a potential health haxard.
Ftom thi* viewpoint. expotu'e 10 than
ct^<rnic«tt fTuJft be f •disced lo the
lowest possible level by whatever
mean* •v*l«b>«. The laboratory f«
responsible (tx maintaining • current
•warenfis file of OSHA regulation*
regarding the aafa handling of (h«
Ch«wc«l» sp«cil*ed in this method. A
reference (*!• of material daf handling -

sheen should «Iso be made •vadabt* to
all personnel involved in (he chemical
analysis. Additional refcrenCtS 10
laboratory wfety *re identified'* lof.
Benzene •nd 2.3.7.B-TCOD have b««n
identified •» suspected human or
mammalian cafcinoo«nc,

4.3 Each l«boratory mud develop •
•trict safety program (or handling o(
2.3.7.B-TCDD. The following Iflbori-
tory practices ftc rcomrrhenaed:

4.3. f Contamination of the t«tw*
lo<y w111 b« m.nirruJed by conducting •0
manipu4lion« in • hood.

4.3.2 The effluents of samoie
tptilten for <hc gas chrom«toQfph •nd
rouging pumpk on the GC-'MS chould
p4U through either • column of
•ct<vted ch«rco«f or be bubbled
through « tup confining o l̂ of h»gh-
bo.ling •lcoh0l«.

4.3.3 Liquid ̂ •ne »houidbe
dissolved mfneih«nol 61 c<t>«nol •nd
irftf^rd with ultraviolet light with

wavelength gta»ie» than 290 nmfot
•everal dayB. tUse F 40 BL lamps or
•Qu<vlen|.t Analyze l*Qu<d wastes •nd
dispose of (he tolut<ons wh«n

2.3.7.8-TCDO c«" nolono«Lb«

defCfd.

4.3 Dow Ownical U.S A. has issued
Ihe following precautions (fvised
1 1 / 7 8 1 to* •at« handling of
2,3.7.6-TCDD in lh« laboratory:

4.3. f Tha following statements on
safe handling ar •s compete as
possible on the basis of available
1oa«colog'ca( *nfo'mation. Tha
pfecaulions to' kale handl*ng «nd us*
•r« n«c«ltinly general in n«iu<« unct

detailed. •EXC'K ccommandations can
o« made dnJy for ine pTl«cul« exposuf
and circumsrnces.of each individual

us*. InQulries •bout specific opeialions
or usas may be addf*ss«d to 1h« Dow
Chemical Company. Ass<sianc« *n
evaluating the health hazards of
p»n»cula* plant condinons WY b*
obiainfd from canain consutting
labo<aio'«» and fiom Slate Oapari-
mcnti o< Haalth Of of LabO*. manv of
wh4Ch haw an induitffi health »afvic«.
2.3.7.8-TCOO r •Ktcrr^iy loxc to

laboratory animals. Kowevef. it has
been hJndltfd (01 yeare without infu'r «n
ana<yl*ca( and biological (oboratorrs.
Technigues used in handling fadio*
active and (nfeciious mafnalK ara
applicable to 2.3.7,8-TCDD.

4.3. f. 1 Pt0l»ct<ve Equipment:
Throw-away plastic gloves, apron of
lab coat. salety filBsses and lab hood
adequate for radioaciiv work.

4.3.1.2 Training- Workers must be
liained in the prope* method of
removing of contaminated gloves and
clothing without contacting the
•xttfftOf surfaces.

4.3.1.3 Penonal Hygrne: Thorough
washing of hands and toieaims •fie'
each maniput«lion •nd b«foi« bfaks
(codec, lunch, •nd shifil.

4.3. f.4 Confinameni: Isolated work
tea. posted with nans. segregated
gfassware •nd tools, plastic-backed
absorbent paper on benchiops.

4.3.1.5 Waste- Good techniQue
includes minimifing contaminated
waste. Plastic bag liners should be
used *n waste cans. Janiiors must be
trrned in safe handling of waste.

4.3. f. 6 0<ip0ta< of Wanes:
2.3,7.B-TCDD decomposes eOove
600*C'Low-level waste such •s the
absorbent pape*. tissues. an*m*l
femams and plastic glvo«s may be
burned m a good incinerator. Gross
quantii»es (miOigramst ihould be>
pcchaged KCu'ety and disposed1

through commercial or governmeinff
channels which are capable of handling
high-level fadioaciive wastes o*

•xKemefY tonic wastes. Liquids should
be •flowed 10 •vaporto in a good hood
and in a disposable container. Aes*du«c
may then be handled •s ebov.

4.3.1.7 OeconiBfTunatton: Personaif—
any mild soap with plenty of scrubbing

•ction Glassware. Tools, •nd
Su'f*ccs-Chto»oihene NU Sotvni
(Tr*dema«h of the Dow Cherruc*)
Companyl is the least toxic solv«m
shown to be eflcciivc Satixfaciofy
Cleaning may be •ccomptich«d by

rinsing with Chloroihene. than washing
with any detergent and wrr. Dish

wier maT be d*spos«d to the ••wr. *l
A prudent to m«nimu« solvent wsfs
because they may require •peciel
ditposatlhiough commercial •ources
which •i« expensive.

4 3. f.B lauhd*y Clothing known to
be contJfmnafed should bedicposed
with the p«ecaui*ons desc"b«d und»*
"Oiiporl of Wastes " Lab coatk o»
oth»f cloirwto wo*n m 2.3.7.8-TCDD

work a<ea may be laundered Clothing
•houtd t» collected tft plastic bags
Persons who convey Ihe bagi •nd

launder the ctolhing should be advised
of the hazard and trained in proper

handling. The clothing may be pui into
• washer wilhout contact if the

taunderer knows Ihe problem. The
wsher should tx run through * cycle
before being used again foi other
clothtng.

4.3. f.9 Wipe Tests: A useful method
of determining cleanliness of wofk
Suffices and tool fs to wipe the surface
with a piece of fitter paper. Extraction
•nd analysis by gas chromaiography
can achieve a )*mh of &ensittv<ty o1 0.1
^g per wip«. Less than 1 ^g

2.3.7.6-TCOO pci sample indicates
acceptable Cleanliness, anything higher

warrants fuflher cleaning More lhan
10 fJg on a wipe sampt* indicates an
acute hazacd and (equires prompt
cleaning b«fo<e further use ol the
equipment or work space •nd indicates
funher thai unaccepuble work
practices have been employed in the
past.

4.3. i, W Inhalation: Any procedure
that mav produce airborne coniaminA.
t»on must be done with good venctanon
Gross losses TO a ventilation system
must not be allowed Handling ol the
dilute soluttons normally used in
•nalyttCal and animal wo*l. pieienis no
inhalation h«{ards e"ceoi in case of an
accident.

4.3-f.ff Accidents Remove
contaminated clothing immediaietv.
taking precautions not to contaminate
•kin Of other articles Wash eiposed
•kin vigorously •nd lepeatedly until
medical auentton is obtained.

3
0
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Concentrator tube, Kuderna-Danish - 10-fflL, graduated (Kontes K-570050-
1025 or equivalent). Calibration must be checked at the volumes employed
in the test. Ground glass stopper is used to prevent evaporation of extracts.

Evaporative flask, Kuderna-Danish - 500-mL (Konces K-570001-0500 or equivalent).
Attach to concentrator Cube with springs.

Snyder column, Kuderna-Daoish - three-ball macro (Kontes K-503000-0121 or
equivalent).

Mini vials - 1.0 mL vials; cone shaped inside to enable removing very small ^
samples; heavy wall borosillcate glass; with Teflon* faced rubber septa °
and screw caps. .—.

0
Gas chromatograph - An analytical system complete with all required
accessories including syringes, analytical columns, and gases. The
injection port must be designed for capillary columns. Either split,
splltless, or on-column injection techniques may be employed.

Nitrogen blowdown apparatus, N-Evap* Analytical Evaporator Model 111 (or
equivalent).

Disposable pipet, 5 3/4 inches X 7.0 mm o.d.

Balance - Analytical, capable of accurately weighing 0.001 g.

Columns ' . - : ; -

30 m long X 0.32 mm ID fused silica capillary DB-5, with 0.25u film
thickness.;';

Other columns can be used as long as the quality control requirements
are met, including isomer specificity if necessary.

Mass Spectrometer - Either low resolution mass spectrometers (LRMS) or
•high resolution mass spectrometers (HRMS) may be used. The mass spectrometer
must be equipped with a 70 volt (nominal) ion source and be capable of
acquiring ion abundance data in real time Selected Ion Monitoring (SIM)
for groups of six or more ions. The electron impact ionizaclon mode must-
be used.
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GC/MS interface - Any gas chromatograph Co mass spectrometer interface <o
can be used chat achieves the requirements of Section VIII. Glass or ^°
glass-lined materials are recommended. Glass surfaces can be deactivated CT\
by silanizing with dichlorodiraethylsilane. To achieve maximum sensitivity, rt

the exit end of the capillary column should be placed in the ion source.
A short piece of fused silica capillary can be used as the interface to
overcome problems associated with straightening the exit end of glass
capillary columns.

The SIM data acquired during the chromatographic program can be acquired
under computer control or as real time analog output. If computer control
is used, there must be software available to plot the SIM data and report
peak height or area for any ion between specified time or scan number
limits.

VI. Reagents

Concentration Calibration Solutions

Three toluene solutions containing unlabeled 2,3,7,8-TCDD at varying
concentrations and "C^-2,3,7,8-TCDD (the Internal standard, CASRS 80494- .
19-5) at a constant concentration. These solutions also contain Cl^-
2,3,7,8-TCDD(che surrogate compound, CASRN 85508-50-5) at varying concentrations.
Concentration calibration solutions are to be obtained from the Quality
Assurance Division, USEPA Environmental Monitoring SYSTEMS Laboratory (EMSL-LV),
Las Vegas, Nevada. However, if not available from EMSL-LV, standards
may be obtained from commercial sources, and solutions may be prepared in
the contractor 'laboratory. Traceability of-'^tandards oust be verified
against EPA-siipplied standard solutions.

Each of solutions t\-lt3 contains C,7-2,3,7,8-TCDD at a concentration of
1 ng/uL, which is intended to simulate the concentration 'in an extract
for a sample spiked with CJ^-2,3,7,8-TCDD at a concentration of 5 ug/kg.

Solutions ltl-S3 contain unlabeled 2,3,7,8-TCDD at concentrations of 0.2,
1.0, and 5.0 ng/uL, respectively, which are Intended to simulate
concentrations in extracts of samples containing 1, 5, and 25 ug/kg.

Solutions C1-C3 contain ^Cl^^^.B-TCDD at concentrations of 0.06,
0.12, and 0.2 ng/uL, respectively, which are intended to simulate
concentrations in extracts of samples containing 0.3, 0.6, and 1.0 ug/kg.

NOTE 1 - the simulated concentrations assume no losses of 2,3,7,8-TCDD or
its isomers during sample preparation. This is not the case, but since
the internal standard calibration is based on ratios of responses rather
than absolute responses, no error is introduced into calibration as a
result of the assumption.

NOTE 2 - Store calibration solutions in 1 ml amber mini-vials under
refrigeration.
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GC/MS interface - Any gas chromacograph to mass spectrometer interface
can be used that achieves the requirements of Section VIII. Glass or
glass-lined materials are recommended. Glass surfaces can be deactivated
by silanizing with dichlorodimethylsilane. To achieve maximum sensitivity, t~~
the exit end of the capillary column should be placed in the ion source. §
A short piece of fused silica capillary can be used as the interface to ^
overcome problems associated with straightening the exit end of glass Q
capillary coluons.

The SIM data acquired during the chromatographic program can be acquired
under computer control or as real time analog output. If computer control
is used, there must be software available to plot the SIM data and report
peak height or area for any ion between specified time or scan number
limits.

VI. Reagents

Concentration Calibration Solutions

Three toluene solutions containing unlabeled 2,3,7,8-TCDD at varying
concentrations and "C ̂ -2,3.7,8-TCDD (the internal standard, CASRN 80494-
19-5) at a constant concentration. These solutions also contain Cl^-
2,3,7,8-TCDD(che surrogate compound, CASRN 85508-50-5) at varying concentrations.
Concentration calibration solutions are to be obtained from the Quality
Assurance Division, USEPA Environmental Monitoring SYSTEMS Laboratory (EMSL-LV),
Las Vegas, Nevada. However, if not available from EMSL-LV, standards
may be obtained from commercial sources, and solutions may be prepared in
the contractor laboratory. Traceability of- standards must be verified
against EPA-supplied standard solutions.

Each of solutions fl-113 contains l3C^-2,3,7 ,S-TCDD at a concentration of
1 ng/uL, which is intended to simulate the concentration 'in an extract
for a sample spiked with Ci;-2,3,7.8-TCDD at a concentration of 5 ug/kg.

Solutions SI-S3 contain unlabeled 2,3,7,8-TCDD at concentrations of 0.2,
1.0, and 5.0 ng/uL, respectively, which are intended to simulate
concentrations in extracts of samples containing 1, 5, and 25 ug/kg.

Solutions fl-t3 contain ClA-2,3,7,8-TCDD at concentrations of 0.06,
0.12, and 0.2 ng/uL, respectively, which are intended to simulate
concentrations in extracts of samples containing 0.3, 0.6, and 1.0 ug/kg.

NOTE 1 - the simulated concentrations assume no losses of 2,3.7,8-TCDD or
its isomers during sample preparation. This is not the case, but since
the internal standard calibration is based on ratios of responses rather
than absolute responses, no error is introduced into calibration as a
result of the assumption.

NOTE 2 - Store calibration solutions in 1 ml amber mini-vials under
refrigeration.
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Sulfuric acid - impregnated silica gel (402 w/w) - add cvo parts concentrated
sulfuric acid Co three parts silica gel in a screw capped bottle and nix
until lump free.

Carbopak C, 80/100 mesh, or equivalent.

Cellte 545, not acid washed, or equivalent.
'0

Carbopak C/Celite mixture - A mixture by weight of 18Z Carbopak C on Celite °
is prepared. This is mixed throughly on a vortex mixture to break up large •—i
lumps. Check visually to assure that the mixture is uniform.

VII. Calibration

Calibration must be done using the internal standard technique. By
injecting calibration standards, establish Ion response factors for
2,.3,7,8-TCDD vs. the Internal standard ( C^ 2,3,7,8-TCDD), and for the
surrogate standard ( Cl^ 2,3,7,8-TCDD) vs. the Internal standard ( C^
2,3,7,8-TCDD). Standard solutions equivalent to 1, 5, and 25 ug/Kg are
required for routine work.

Using injections of 1 to 3 uL, tabulate peak height or -area response
of 2,3,7,8-TCDD vs. internal standard and Cl^ 2,3,7,8-TCDD vs. internal
standard and calculate relative response factors (RRF) for both native
TCDD and surrogate standard TCDD using Equations 1 and 2.

Equation 1 (RBF for native 2,3,7,8-TCDD)

RRF - (AsCis)/(AisCs)

where: As; - SIM response for 2 3,7,8-TCDD (m/e 320 + 322)
Als— SIM response for C,^ 2,3,7,8-TCDD Internal standard

(m/e 332 +334)

Cs -Concentration of 2,3,7,8-TCDD (pg/uL)

Equation 2 (RRF for surrogate standard, ^Cl^ 2,3,7,8-TCDD)

RBF - (AssCis)/(AisCss)

where: Ass - SIM response for ^Cl^ 2,3,7,8-TCDD (a/e 328)*
Als - SIM response for C,, 2,3,7,8-TCDD internal standard

(n/e 332 +334)
CIs " Concentration of the Internal standard (pe/uL)
Css - Concentration of the surrogate standard Cl^ 2,3,7,8-TCDD

(pg/uL)
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*When using ^Cl^-TCDD, correct: the 328 response by subtracting 0.009 of
the 322 response.

Cis " Concentration of the internal standard (pg/uL)
<0

Each of the calibration standard solutions must be analyzed in triplicate, °
and the variation of the RRF values for each compound at each concentration
level must not exceed 102 RSD. If the three mean RKF values for each
compound do not differ by more than +/-102 RSD, the RRF can be considered
to be independent of analyte quantity for the calibration concentration
range, and the mean of the three mean RRFs shall be used for the
concentration calculations. The overall mean is termed a calibration
factor.

0

The calibration factor must be verified on each work shift of 12-hours or
less by the analysis of the 1 ug/kg standard. If the RRF for the standard
differs from the calibration factor by more than 102, the entire calibration
must be repeated and a new calibration factor determined. The overall
mean KSI determined during the initial calibration oust be used for both
native 2,3,7,8-TCDD and surrogate calculations.

VIII. Quality Control Requirements

1. Each sample must be dosed with a known quantity of internal standard
(equivalent to 5.0 ug/Kg) and surrogate standard (equivalent to 1.0 ug/Kg).

The action limits for surrogate standard results will be ^ 40Z of the
true value. Samples showing surrogate standard results outside of these
limits must be-reextracted and reanalyzed.

2. A laboratory "reagent blank" must be analyze'd along with each set of 24
or fewer samples. A reagent blank is performed by executing all of the
specified extraction and cleanup steps, except for the introduction of a
10-graia sample. The reagent blank is also dosed with the internal standard
and surrogate standard. The reagent blank result must be less than 0.1 ug/Kg.
If a result of 0.1 ug/kg or greater is obtained, all positive samples in
the sec must be reextracted and reanalyzed.

3. An EPA performance evaluation sample may be given Co the lab by EPA and
must be analyzed along with each set of 24 or fewer samples. The result must
neet accuracy requirements specified by EPA. If the requirements are not
met, all samples in the set must be reexcracted and reanalyzed.

4. Qualitative identification requirements. The following requirements
must be net in order to confirm the presence of native 2,3,7,8-TCDD.

i

a.) The 320/322 ratio must be within the range of 0.67 to 0.90.

b.) Ions 320, 322, and 257, must all be present and maximize together.
The signal to mean noise ratio must be 2.5 Co 1 or better for all 3 ions.
(Determine the noise level by measuring the random peak to valley signal
present on eigher side (within 20 scans] of the 2,3,7,8-TCDD retention window.
The 2,3,7,8-TCDD signal must be at least 2.5. tines larger than this.)
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c . ) The retention time must equal (within 3 seconds) the retention time
for the isocopically labeled 2,3,7,8-TCDD.

d . ) (Optional, depending on project needs) Isomer specificity must be 0
demonstrated initially and verified once per 12-hour work shift. The o
verification consists of injecting a mixture containing TCDD isomers 0s'
which eluee close to 2,3,7,8-TCDD. This mixture will be provided by EPA. 5
It contains seven TCDD isomers (2378, 1478, 1234, 1237, 1238, 1278, 1267)
including those isomers which are known Co be the most difficult to
separate on SP2330/SP2340 columns and similar columns containing cyanoalkyi
type liquid phases. The column performance solution (Section VI) must
also contain both isotopically labeled 2,3,7,8-TCDD standards. The
solution must be analyzed using the same chromatographic conditions and
mass speccrometric conditions as is used for other samples and standards.
The 2,3,7,8-TCDD must be separated from interferring isooers, with no
•ore than a 502 valley relative to the 2,3,7,8-TCDD peak.

Draw a baseline for the isomer cluster representing 1478, 2378, 1237,
1238, and 1234-TCDD. Measure the distance x from the baseline to the
valley following the 2,3,7,8-TCDD peak (use the valley preceding the
2,3,7,8-TCDD peak if it is higher). Measure the distance y from the
baseline to the apex of the 2,3,7,8-TCDD peak. Distance x over distance
y times 100 is the percent valley which must not exceed 25. An example
is given in Figure 1.

5. EPA may designate one sample to be spiked with native 2,3,7,8-TCDD at
a level of 1.0 PPB for each set of 24 or fewer samples. EPA will designate
the sample to be dosed.

6. Detection Limit: A detection limit must be calculated for every sample
not giving a positive result meeting all criteria for qualitative
identification. The detection limit is used to estimate a concentration
above which 2,3,7,8-TCDD is probably not present. Two cases may arise,
each requiring a different procedure to calculate the detection limit.

The background noise level must be determined in'both cases, and is defined
as the mean area (or height) of the background signal in adjacent areas
of the SICP for either the n/z 320 or n/z 322 ion, depending on which one
is chosen. Peak height is used rather than peak area because of the
difficulty of integrating random peak areas for background-noise.
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a . ) For samples in which no unlabeled 2,3,7,8-TCDD was detected, calculate
the detection limit as the. concentration required to produce a signal
with area (or peak height) of 2.5 times the background signal area (or
peak height). The background area is determined by integrating ion (~-
abundances for either m/z 320 or 322 in the appropriate region of the ®
SICP, multiplying that area by 2 . 5 , and relating the product area to an —i
estimated concentration that would produce that product area.

Use equation ( 3 ) and multiply result by 2.5.

i . e . Concentration, ng/g - 2.5 x (As)(Is)/(Als)(RRF)(W)
where the terms are as defined in equation ( 3 ) .

b . ) For samples having interference in the responses for both m/z 320
and 322, or when a ratio not meeting the quality control criteria prevented
identification of 2,3,7,8-TCDD, the detection limit is calculated using equation
3..

i . « . Concentration, ng/g - (As)(Is)/(Ais)(RRF)(W)

The detection Unit in this case ts then the estimated concentration of
2,3,7,8-TCDD, assuming chat Interference or ratio criteria problems were
not present. It is unlikely that 2,3,7,8-TCDD could be present at a
concentration greater than this estimated detection limit.

7. For each sample, the internal standard must be present with at least
a 10 to 1 signal to noise ratio for both mass 332 and mass 334. Also, the
Internal standard 332/334 ratio must be within the range of 0.67 to 0.90.

8. Where appropriate, "field blanks" will be provided to monitor for
possible cross contamination of samples in the laboratory and field, and
to monitor.sampling containers and supplies. The "field blank"
"ill consist of uncontaainated soil (background soil taken off-site).
A positive response greater than 0.1 ug/kg of native 2,3,7,8-TCDD must be
followed by cleanup and relnjection. If still positive, then re-extract
and analyze the field blank, re-extract and re-analyze all positive
samples in the set*

IX. Sample Collection, Preservation, and Handling

Sample collection personnel will, to the extent possible, homogenize
samples"In the field prior to the filling of sample containers. This
should minimize or eliminate the necessity for sample homogenizatlon in
the lab. The analyst should make -a judgment, based on the appearance of
the sample, regarding the necessity for additional mixing. If the sample
is clearly inhomogeneous, the entire contents should be transferred to a
glass or stainless steel pan for mixing with a stainless steel spoon or
spatula prior to removal of the 10-gram aliquot.

Samples may be scored under ambient condlclons as long as temperature
extremes (below freezing or above 90'F) are avoided. Samples must be
protected from light to avoid photodecoinposlclon.
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All samples must be extracted and completely analyzed within 24 hours.
Extracts oust be held for 7 days following EDS and unused sample portions
for 30 days following EDS, prior to disposal. Sample extracts and unused
sample portions must be submitted within 7 days of written request by the
Project Officer or SMO.

X. Sample Extraction (Jar Method)

CAUTION: When using this method to analyze for 2,3,7,8-TCDD, all of the
following operations should be performed in a limiced access laboratory
with the analyst wearing full protective covering for all exposed skin
surfaces. All handling of sample containers should be in a fume hood.
See Section IV for details on specific safety requirements.

All glassware and equipment should be cleaned and assembled prior to the
weighing of the samples. A system to identify or label each sample
throughout all sections of the procedure is recommended.

Preliminary'Treatment

1. Transfer a 10-gram (10 to 12 grans weighed Co 3 significant figures)
aliquot of sample directly into the extraccion jar. Each sample should
be scooped with an individual stainless steel spatula to avoid cross
contamination.

1. Crush the larger pieces of dirt with the spatula. Leaving the spatula
in the jar, cover the mouth of the jar with a teflon-lined lld-

3. Using a 250 ul syringe, add 100 ul of spiking standard solution
(containing bofb.internal and surrogate standards). This will result in
the addition of 50 ng of internal standard and 10 ng of surrogate standard.
Add the 100'ul solution chosen directly Co the soil, spreading it over
several sites on the surface of the soil. Make certain chat the standard
has absorbed into the soil before continuing the procedure.

A. Excessively wet samples should be centrifuged and moisture decanted,
prior to weighing. If .the soil sample is moist, add 20 grams of purified
-anhydrous sodium sulfate to the sample after the spiking solution has
dried in the sample. (If the soil sample is relatively dry, no sodium
sulface is required prior to extraction.) Mix thoroughly using a stainless
steel spoon or spatula. Allow the mixture to stand for five minutes then
continue with the procedure. '•

Extraction

1. Add 50 ml of 102 acetone/hexane solvent solution to each jar. Allow
the solvent Co wash down over the spacula. Remove the spatula from the jar.
Add the magnetic stir bar and cap the jar tightly.
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2. Place the samples on the stirring places. Adjust the speed of the stir
bar to obtain a moderate mixing of the soil sample and solvent. Stir all
samples in the set for a minimum of 30 minutes, based on when the last
sample of the set has begun mixing. NOTE; Other mixing/stirring devices
are acceptable.

Filtering and Kuderna-Danish Concentration

I. Assemple the Kuderna-Danish flasks with receiving Cubes in a rack. Add
2-3 teflon boiling chips to each receiving tube. Place a glass funnel
containing a ft< Whatman filter paper in each flask. Place 2-5 g of sodium
sulfate in each funnel.

2. Remove the jars from the scirrer. Remove each of the caps and rinse
the inner surface with hexane so that the solvent washes back into the
sample container. Remove the magnetic stir bar and rinse with hexane so
Chat che solvent washes back into the Jar.

3. Carefully decant the extract through the funnel into the Kuderna-Danish
flask. Rinse the sample with a small volume of hexane. Decant Che rinse
into the funnel. Rinse the funnel and paper with hexane and remove both
after rinsing.

4. Add 1-2 ml of isooctane to the extract in the K-D receiver.

5. Place a Snyder-tube on the K-D flask, then place the K-D assembly on a
steam bach. • " ' . : . .

6 . Concentrate the extract Co a volume of 1-2 ml.

7. Disconnect.'the K-D flask from the K-D receiver tube and rinse the tip
of the tube with a small volume of hexane. Note: Complete K-D condensation
of all sample extracts before transfering them to columns.

XI. Cleanup Procedures

The following cleanup procedure based on column chromatographic adsorption
using silica gel, alumina, and activated carbon is recommended for all
samples. The Internal.standard isotope dilution technique corrects for losses
during cleanup. ':• ^.•'7''

However, before employing the cleanup procedure on any samples, a series
of standards should be processed through the procedure in order to verify
Chat internal standard recovery is adequate and chat accurate results are
obtained for both surrogate and unlabeled 2,3,7,8-TCDD standards.

Column fl (Silica Gel Column) 1. Optimum results for the sample elution are
obtained with single mold glass columns, 40 cm long, 0.9 cm I . D . , containing
a top reservoir of 50 ml capacity and a 7 en long stopcock tip. Each
column, fitted with a teflon stopcock, is cleaned and solvent rinsed
prior to packing. '
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2. Place a small wad of solvent-activated glass wool in each column and
rinse with hexane. Allow Che solvent to evaporate.

3. Place 1.0 g of silica gel in each column followed by 4.0 g of 1*07. w/v
sulfuric acid activated silica gel and 0.5 - 1.0 g of anhydrous sodium sulfate.

4. Fill each column reservoir with 30-40 ml of hexane as an initial rinse
and wetting agent. Close each stopcock to keep adsorbents wet and
activated until clean-up has begun.

Column f2 (Alumina Column) 1. Single mold glass columns, 0.9 cm I.D. and "J-
15 cm long, having a Cop 50 ml reservoir and a 7 on long stopcock tip are t",
used for column f2. Each column, containing a teflon scopcock is cleaned (y
and solvent rinsed prior to packing. ^

2. Place a small wad of solvent rinsed glass wool in each column and
rinse with hexane. Allow Che solvent Co evaporate before proceeding.

3. Place 4.0 g of alumina followed by 0.5—1.0 g of anhydrous sodium
sulfate in each column.

4. Place in each reservoir 30-40 ml of hexane for an initial rinse-
Close each stopcock to keep the alumina wet and activated while packing
other columns.

Column #3 (Activated Carbon Column) 1. Disposable pasteur pipets, 5 3/4"
long are used for column f3. Note; These columns can be prepared a day
before use. ' ...

2. Pack a small wad of solvent rinsed glass wool in each pipec.

3. Add 0.1 ~" 0.5 g of carbopack, the length of which should be 2 CB froa
the top of the glass wool plug. (Prepare 182 Carbopak C on Celite 545
by thoroughly mixing 3.6 grams of Carbopak C (80/100 mesh) and 16.4 grams
of Celite 545 in a 40 ml vial. Activate at 130°C for six hours. Store
la a desiccator.)

Note: Prior to sample elution, a small long-stem glass funnel can be
connected to each column S3 p'ipet with a teflon Cube to direcC sample/solvenC
flow and Co act as a reservoir.

Column Elution Procedure -

Packing of the columns should be done io less' than 1-1 1/2 hours prior to

sample elution. Adsorbent materials in columns will remain relatively
inert ( i . e . uoreacCive) for that time period if the solvenc, hexane, has
been added immediately after packing. Note, however. Chat the silica gel
columns are more reacclve and they should be prepared lasc. Special
attention should be paid to removing bubbles from the solvent soaked
absorbent. Columns are efficiently handled on two tiered multi-clamp racks.
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1 . Drain the hexane rinse from the columns until an adsorbent layer is
barely saturated with hexane (application of a low pressure of nitrogen gas
will speed the draining of solvent).

2. Align Column tl over Column f2 to assure collection of sample elute. l/"'

3. Using a pasteur pipeC, place the sample from the K.D. receiver on Column a\i

fl. Rinse the K-D receiver with 4-1/2 ml portions of hexane and place on o
the column.

4. Add 40 ml of hexane to the receiver of Column fl and allow the solvent
Co elute into Column f2.

5. After the hexane has drained into Column f2, remove Column fl.

6 . . Before the elutlon of sample is complete from Column fl Co Column 11,
rinse Column t3 with 1 ml of toluene and allow to drain. Then rinse Column
f3 with 1 ml of 75:20:5 solution of aethylene chloride/aethanol/benzene.
Allow to drain.

7. After Column f2 has drained, place Column f3 under Column f2 and fill
the reservoir in Column f2 with 24 ml of 202 nethylene chloride in hexane.

8. Remove Column f2 after all the solvent has eluted to Column f3. Rinse
Column f3 with 1 ml of a 75:20:5 methylene chlorlde/methanol/benzene solution.

9. Place a 2 ail ̂eaton GC vial under Column f3 after the 75:20:5 rinse is
completed.

10. Place 2 ml of toluene on Column f3 and collect in a Wheaton vial.
This final e'lticlon can be concentrated to a final volume of 50 - 100 ul
using a nitrogen evaporation unit.

XII. GC/MS Analysis

1. Immediately before analysis by GC/MS, adjust the sample extract volume
to approximately 25 ul.

2. Table I gives guidelines for operating conditions using a DB-5 capillary
column. Other columns and/or conditions may be used as long as isomer
specificity is demonstrated.

3. Analyze standards and samples with the mass spectrometer operating in
the selected ion monitoring (SIM) node using a scan cine Co give ac least
five points per peak. For LRMS, use ions at m/e 320, 322, and 257 for
2 3,7,8-TCDD, m/e 328 for 334 for J'04-2,3,7,8-TCUD, and Ions at B/e 332 and
-"C| 7-2,3,7,8-TCDD. For HRMS, use ions at m/e 319.8965 and 321.8936 for
2 3,7,8-TCDD, ion at m/e 327.8847 for ^Cl-l, 3,7,8-TCDD, and ion at a/e
331.9367 for "C^, 3,7,8-TCDD.
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Column

TABLE I

Recommended GC Capillary Conditions

(30 M) DB-5

2,3,7,8-TCDD R. T. 14 Min.

Heliun Linear Velocity I al/min.

Initial Temperature 75"C

Initial Tine 1.0 Bin.

Splltless Time 2.0 Bin.

Program Eace 25* C/min.

Final Temperature 200*C*

Final Hold Tine 15 Bin.

Split Flow 15 ml/iBin.

Septum Purge Flow 15 nl/min.

Capillary Head Pressure 12 pst

• or 195 °C and second ramp at
2*C/min. to 215'C
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A . Check the calibration every 12 hours as described In Section VII. The
volume of calibration standard injected should be approximately the same
as sample injection voluaes. The requirements described in Section VIII,
Parts 4a, b , c, and 7 must be net for all calibration standards.

5. Inject a 1 Co 3 uL aliquot of the sample extract.

6 . The presence/absence of 2,3,7,8-TCCD is qualitatively confirmed if the
criteria of Section VIII, Parts 4 and 7, are achieved.

7. For quantisation, measure the response of the a/e 320 and 322 peaks
for 2,3,7.8-TCDD, the B/e 332 and 334 peaks for "C^-Z^^.S-TCOD, and
the 328 peak for - Cl^-2,3,7,8-TCDD. A correction must be made for
contribution to m/e 328 by any native TCDD which nay be present. To do
this. subtract 0.009 of che 322 response fron the 328 response. Calculate
the concentration of native 2,3,7,8-TCDD using the relative response
factor (RRF) and Equation 3. If native TCDD is not present, calculate the
detection limit as described in Section VIII, Part 6 .

Equation 3 (Calculation of concentration of native 2,3,7,8-TCDD)

Concentration, ng/g - (As)(Is)/(Als)(RRF)(W)

where: As - SIM response for 2,3,7,8-TCDD Ion at a/e 320 + 322
Ais » SIM response for the internal standard ion at B/e-332 + 334
Is » Amount of internal standard added Co each sample (ng)
W " Weight of soil In grams

Equation 4 (Calculation of amount of surrogate standard ^CI^ 2,3,7,8-TCDD)

Amount in ng - (Ass)(Is)/(Ais)(RIlF)

where: Ass -SIM response for surrogate ̂ Cl̂  2,3,7,8-TCDD .ion at n/e 328*
Ais "'SIM response for the internal standard ion at a/e 322 + 334
Is - Amount of Internal standard added to each sample (ng)

*Wnen using ^Cl^-TCDD, subtract 0.009 of any 322 response.

8. Co-eluting impurities are suspected if all criteria except the isotope
ratio criteria are achieved. If broad background Interference restricts
the sensitivity of the GC/MS analysis, the analyse must employ additional
cleanup procedures and reanalyze by GC/MS.

9 . Calculation of Percent Accuracy of surrogate standard.

III-69



7. Accuracy = (amount measured In ng/10 ng)(l00)

XIII. Method Performance

The required detection limit for this method is 0.3 ug/kg (ng/g). However, ,_
for certain samples this detection limit nay not be achievable because of f~
Interferences. On other relatively clean samples, the estimated detection °
limit nay be quite lower. -̂

XIV. Data Reporting

Report all data In units of inicrogranis per kilogram (parts per billion)
of wet soil. Use three significant figures for values ac or above 1.0
ug/kg and two significant figures for values below 1.0 ug/kg. Report
percent moisture of the soil if requested. See Exhibit II for specific
data reporting requirements.

XV. Sample Reruns

Sample analyses must be repeated if any of the following conditions apply:

1. A detection limit of 0.3 ug/kg could not be achieved. Concentrate
extract to 15 uL and reanalyze. If the detection limit is not achieved,
re-extract and reanalyze a second aliquot.

2. The percent accuracy for surrogate standard was outside of acceptance
limits. Re-extract and reanalyze sample aliquot.

3. The reagent blank: cont-alned TCDD at a concentration greater than 0.1 ug/kg.
Re-extract and reanalyze the reagent blank all positive samples associated
with the reagent blank.

4.-.The internal .standard 332/334 ratio was outside the 0.67-0.90 control
limits. Reanalyze the sample extract. Re-extract and reanalyze a sample
aliquot if the ratio Is still outside the limits.

5. The Internal standard was not present with at least 10/1 signal Co
noise ratio at mass 332 and 334. Concentrate sample extract further and
reanalyze. If still not present at required level, re-extract and reanalyze
a sample aliquot.

^ .
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TABLE I

Recommended GC Capillary Conditions

Column

2,3,7,8-TCDD R.T.

Helium Linear Velocity

Inicial Temperature

Initial Time

Splitless Time

Program Rate

Final Temperature

Final Hold Time

Split Flow

Septum Purge Flow

Capillary Head Pressure

A (Sllar 10C)

34.5 min

30 cm/sec

lOO-C

3.0 Bin

20*C/min

ISO-C*

15 min

B (SP2340)

22 min

0.7 ml/min
at 60 •C

60 °C

3 Bin

1.0 min

25'C/min

250 •C

15 Bin

30 ml/min

5 nil/Bin

30 psi-.

*then 2°/niin Co 250-C
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I. Mho must prepare a Quality Assurance Project Plan (QAPjP)

The U.S. EPA Qua l i ty Assurance (QA) program embraces many func t ions
i n c l u d i n g : e s t a b l i s h i n g QA pol icy and gu ide l ines for development of
program and project opera t iona l p lans ; e s t a b l i s h i n g criteria and gu ide l ines
for assessing data q u a l i t y ; serving as a QA in fo rmat ion focal po in t ;
a u d i t i n g to ascer ta in effect iveness of QA implementa t ion; and ident i fy ing
and deve lop ing QA t r a i n i n g programs.

The goals and policy of E P A ' s QA program is to ensure that al l
e n v i r o n m e n t a l l y related measurements (data collection ac t iv i t ies ) regulated
and supported by or for EPA produce data of known qual i ty . The qual i ty
of data is known when a l l components associated with its der ivat ion are
thoroughly documented, such documentat ion being v e r i f i a b l e and defensible.
V e r i f i a b l e is def ined as the a b i l i t y to prove or substantiate any c l a im
or result related to the documented record. Defensible is defined as the
ab i l i t y to wi ths tand any reasonable cha l l enge related to veracity or
t ru th fu lness .

In order to ..establish q u a l i t y assurance so l id ly in all data col lect ion
act ivi t ies U.S. EM-issued Order 5360.1. This order establishes policy
and program requirements for the conduct of qua l i ty assurance ( O A ) for
all env i ronmen ta l ly related measurements performed by or for the Agency.

To ensure that a l l envi ronmenta l ly related measurements (data
col lect ion ac t i v i t i e s ) meets U.S. EPA Qual i ty Assurance Policy and
requirements , the f o l l o w i n g o rgan iza t ions should develop and implement a
Quali ty Assurance Project and/or laboratory p lan :

* EPA Regional Program Offices (p r imar i l y special projects)
* E P A ' S contractors
* State Agencies

State contractors
* N P D E S & POTM Permittees
* RCRA Permittees
* Laboratories preforming analytical services (directly or

indi rec t ly) for support of programs regulated by U.S. EPA
* Other o rgan iza t ions under formalized agreements.
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Some labora tor ies may integrate t he i r QA Plan into spec i f ic QA Project °
Plans (ie. State Labora tor ies , Permittee 's laborator ies , and Super-fund r-i
contractors) . However , our off ice recommends that a l l laboratories prepare °
and m a i n t a i n a laboratory QA p l an .
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II . Where and how can QA Project Plan be in tegrated.

Listed below are several op t ions that can be employed by preparers.

O p t i o n A: A separate i d e n t i f i a b l e QA Project Plan.

* O p t i o n B: The QA Project P l a n can be integrated w i t h
Uork Plans.

* .Opt ion C: The QA Project P l an can be Integrated with
waste Analys is P lans ( R C R A Permittees).

* Option D: The QA Project P l a n can be integrated wi th Permits
POTM, N P D E S and R C R A Permittees).

W h a t ever opt ion is choosen the OA Project P lan must meet the min imal
requirements as set forth in th is g u i d a n c e document.

* Whenever th.is-option is chosen a "QA Projected Plan locator page"
mus t be inserted in the table of contents of the document.

IIa. For laboratories:

A separate iden t i f i ab le Laboratory QA Plan should be prepared and
mainta ined at the faci l i ty .
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I I I . Document Control

Purpose: Document control w i l l serve to provide

° an easy, convenient way of preparing the QA Project, l ab
oratory p lans , and standard operat ing procedures.

° A easy way to revise and update the elements of QA p lans
and s tandard opera t ing procedures.

° a focal point for Internal /external audits and Inspections.
-•-

• ° reviewers and inspectors a means by which def ic ienc ies
and corrective ac t ions can easi ly be referenced in reports,

M i n i m u m Requirements :

All Q u a l i t y Assurance Project, Laboratory plans and
standard operating procedures must be prepared us ing a
document control format cons is t ing of f o l l o w i n g information
placed In the upper r ight-hand corner of each document
paJge:

'"Section Number

* Revis ion Number _

0 Date (of r ev i s ion)

° Page _____of _
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IV. Standard Operating Procedures (SOPs) 0

Purpose: Generally, simply citing a published method is not adequate. 0
Published methods rarely have all of procedural details,
and those that do generally have to be modified for the
application or facilities at hand. The development of SOPs
are fundamental for review and laboratory audit/inspection
proccssses.

Developing SOPs:

^Standard Operating Procedures (SOPs) shall be detailed documents
describing whtf does what, when, where, how and why. In a stepwise manner.
These SOPs shall be consistent with National SOPs endorsed or issued by
Program or Regional Offices. They shall be sufficiently complete and
detailed to ensure:

1. Oata of known qua l i ty and intergr i ty are collected to meet the
m o n i t o r i n g objectives.

2. The minimum loss of data due to out-of-control conditions.

SOPs shall be: "'.^

1. Adequate to establish traceabllity of standards. Instrumentation,
sample's, and environmental data.

2. Simple, so a user with basic education, experience and/or training
can properly use them.

3. Complete enough so the user/reader follows the directions in a
stepwise manner through the sampling, analysis, and data handling
process.

4. Consistent with sound scientific/engineering principles.

5. Consistent with current EPA regulations and guidelines.

6. Consistent with the manufacturer's Specific Instrumentation manuals.

SOPs shall provide for documentation sufficiently complete to:

1. Record the performance of a11 tasks and their results.

2. Explain the cause for missing data.

3. Demonstrate the validation of data each time they are recorded,
calculated, or transcribed.
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SOPS should be addressed in all QA Project or laboratory Plan as outlined
below:

° Standard Opera t ing Procedures (SOPs) must be prepared for a l l
rout inely used s a m p l i n g , analyt ica l and management methods or
protocols .

° SOPs must meet the m i n i m u m criteria as iden t i f i ed in "Developing
SOPs" (See previous section).

0 In 'cases where publ i shed methods have all the procedural details,
w i t h l i t t le or no m o d i f i c a t i o n s , photocoping the appropriate
procedures win normal ly be adequate . However, 1t must meet the
m i n i m u m c r i t e r ia as ident i f ied in "Developing SOPS".

0 In ei ther case (development of specific SOPs or photocoping of
publ i shed methods) , the SOPs must be

- documented ( u s i n g document control format)
..- - - reviewed a n n u a l l y

••:- - conta in a cover page i nd i ca t i ng who reviewed
, -.-':-. the SOP and the data of review.

° To accomplish these objectives, SOPs should address the fol lowing
types of i tems:

1. General network design.
2. Specific sampling-si te selection.
3. Sampling and analytical methodology.
4. Probes, collection devices, storage containers, and sample

additives such as preservatives.
5. Special precautions, such as ho ld ing times and protection

from heat, l i gh t , reactivity, »nd combustibil i ty.
6. Federal reference, equiva lent , and alternate test procedures.
7. Instrumentation selection and use.
8. Calibration and standardization.
9. Preventive and remedial maintenance.

10. Replicate sampl ing and analysis.
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B l i n d and sp iked samples.
Q u a l i t y control procedures such as inter- and intra- f i e l d or
laboratory ac t iv i t ies .
Documenta t ion procedures.
Sample custody and h a n d l i n g procedures.
Sample t ranspor ta t ion procedures.
Safety.
Data h a n d i n g / e v a l u a t i o n procedures.
Precision, accuracy, completeness, representativeness,
and comparab i l i t y procedures (control charts, c a l cu l a t i ons ,
s ta t i s t ica l tests, etc.).
Service contracts.
Document cont ro l .
Correct ive ac t ion procedures.
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Element 1. Tit le Page (For both QA Project and Laboratory Plans)

Purpose: Pr imar i ly the t i t le page provides a means of iden t i f ing the
organiza t ion responsible for preparing the QA Plan and it w i l l
serve as documentary evidence that all appropriate responsible
i n d i v i d u a l s have reviewed and approved the QA Plan. It win
also serve to document the date of approval and provide a means
of t rack ing the review and approval process.

M i n i m u m Requirements:

The f o l l o w i n g i n fo rma t ion must be included on the title page:

° The t i t le /name of the Project, Faci l i ty , or Laboratory.

° The name of the organizat ion that Is responsible for the Qual i ty
Assurance of the Project, Facil i ty, or Laboratory.

° If a contractor is prepar ing the QA Project Plan for an organiza-
t i on ( see -above) , then the contractor also must be ident i f ied .

° At the bottom of the ti t le page, provis ions must be made for the
signatures of approving personnel.
QA Project Plans:

a) For in-house projects
1) Project Officer
2) QA Off icer (not from •from the Off ice of Qual i ty Assurance)
3) Robert G. Forrest. Chief Office of

Qual i ty Assurance U.S. EPA Region VI .
optional 4) Laboratory personnel (Directors, Section Chiefs,

QA Lab Off ic ia l s ) .

b) For State and EPA Contractors (i.e. CERCLA)
1) The organiza t ion ' s Project Manager/Officer
2) The organization's QA Official
3) EPA's Project Officer
4) Robert 6. Forrest, Chief

Office of Qual i ty Assurance
U.S. EPA Region VI

optional 5) Laboratory personnel (Directors, Section Chiefs,
QA Lab Off ic ia ls ) .
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c) For State Contractors

1) Contractor ' s Project Manager /Off ice r
2) Contractor ' s QA Of f i c i a l
3) State Agency's Project Manager /Off icer
4 ) State Agency 's Project QA O f f i c i a l
5) E P A ' s Project O f f i c e r
6 ) Robert G. Forrest, Chie f

Off ice of Q u a l i t y Assurance
U.S. EPA Region V I

Optional 7) Laboratory personnel ( L a b Directors, Section Chie f s , etc.)

d) For Permittees

1) Permit tee 's Project Manager /Off icer
2) Permit tee 's QA Of f ica l

Opt ional 3) State/City Project Manager /Off icer
Optional 4 ) State/City QA Offical
Optional 5) E P A Project Off icer
Optional 6) --Robert G. Forrest, Ch ie f

-Of f i ce of Q u a l i t y Assurance
. U.'S. EPA Region V I

Laboratory QA .-Plans:

a) For State Laboratories

1) Laboratory Director/Manager
2) Laboratory QA Off ical
3) State Agency QA Off ical

Optional 4) Laboratory Section Chiefs

b) For Commercial and Permittee Laboratories

1) Laboratory Directors/Managers
2) Laboratory QA Off ical
3) Laboratory Section Chiefs
4) Permittee's Program Managers
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Element 2. Table of Contents

The QA Project Plan Table of contents must address each of the following:

° A serial listing of each of the 16 QA project plan elements*
(components).

° A l i s t i n g of any appendices w h i c h are required to augment
(to fac i l i t a te complete review) the QA Project Plan as
presented (i .e. , s tandard operating procedures, f ie ld manu-
als , work p lans , operations p lans , etc.)

° At the end of the Table of Contents, list the Individuals on
the title page and any other individuals (i.e., contracted lab)
receiving official copies of the QA Project and any subsequent
revisions. _

- The i n d i v i d u a l s responsible for d i s t r ibu t ing the OA
Project Plan and any subsequent revisions.

; : a) For EPA in-house projects
'•-.r 1.) EPA Project Officer

" -̂  -'-,

b) For State Agencies
;-; 1 ) The State Project Officer

c) For Contractors/Permittees
1) The Organization's Project

Managers

d) For Laboratories
1) The Laboratory's Directors/Managers

" Serial l i s t ing of a l l 16 qual i ty assurance project plan component 1s
required, as listed below. Each component must be included and ad-
dressed for each project plan.

1) Title page with provision for approval ..Ignaturcs

2) Table of contents

3) Project description

4) Project organizat ion and responsibility
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5) Ddta qua l i t y objectives for measurement data In terms o'
precis ion, accuracy, completeness, representat iveness and
comparab i l i t y

5a) Laboratory Data Qual i ty Objectives*

6) Sampling procedures

6a) Good Laboratory Practices*

7) Sampl ing custody

8) Cal ibra t ion procedures and frequency

9) Analytical procedures

10) Oata reduction, v a l i d a t i o n and reporting

11) Internal qua l i ty control checks and frequency

12) Management , performance, technical systems, and data qual i ty
a u d i t s , and frequency

1 3 . ) ' P r e v e n t i v e main tnanee procedures and schedules

}4).-Specific routine procedures to be used to assess data pre-
c i s ion , accuracy and completeness of specific measurement

;'; parameters involved

15) Corrective action

16) Quali ty assurance reports to management

*For laboratory's not intergrated 1n a formal QA Project Plan.

• We serial l i s t ing of each of the 16 QA project plan elements
(components) are the same, except number 5 which should be ent i t led
"Laboratory Data Quality Objectives" and number 6 which should be
entitled "Good Laboratory Practices (GLP)".

° if a laboratory also performs field activit ies then number p Sample
Procedures must be addressed and number 6a wil l be added, to
address Good Laboratory Practices (6LP).
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Element 3 Project Desc r ip t ion

r*"i
Purpose: To provide suff ic ient information (on a project) for integration c^

into and evaluat ion of the remaning elements (components) of °
the QA Project Plan. It must be complete enough to evaluate <-»
the appropriateness of Data Quality Objectives, sampling °
design, sampling and analytical methods, etc.

For Projects

This Element should address the fo l lowing items:

A. Background In fo rmat ion and Previous Data Assessments
-t.

' ° A comprehensive (chronological) discussion of the
project/site history, environmental setting (physiography,
geology, hydrogeology, etc.), summary resuTtrs of data
previously collected (chemical, biological, and physical
parameters; matrices, etc.) previous data assessments
(statistical results), summary of previous OA reports,
and any other QA related information (i.e. previous
data quality objectives, previous project goals).

B. Project '-Objectives (Purpose) and Scope

° A comprehensive statement addressing the project's objec-
.-• - t i ve (purpose) . This itell can be addressed in Element

5, if so, please reference Element 5 In this section.

D. Revisions (continuous projects)

° This element should be revised annual ly to provide
updated informat ion and changes. This element win
require the inc lus ion of Parts A & B (above) of the
previous year.

C. Schedule of Tasks and Milestones

0 Both activities and milestones need to be stated In specific
and measureable terms, so their timely attainment or
non-attainment can be easily observed and documented.

° This item should consist of a list of activities and
milestones which will lead to the accomplishment of
the project purpose (objectives).
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For e x a m p l e :

- dates a n t i c i p a t e d for start and comple t ion of the project,

- i n i t i a t i o n of sample co l l ec t ion ,

- sample a n a l y s i s , data review and repor t ing ,

- data v a l i d a t i o n and data assessments,

- final QA report preparation, and
.̂

- other applicable activit ies.

E. Data Usage, (can be addressed in Element 5)

This section shou ld consist of a statement o u t l i n i n g the Intended
data usage so that appropr ia te review and e v a l u a t i o n can be made on the
Data Qual i ty Object ives, s a m p l i n g and ana ly t i ca l methods, and any other
QA/QC components of the QA Project P l an , When a p p l i c a b l e , secondary
uses of the data should also be iden t i f i ed .

For Laboratories

The following iteiis should be addressed:

A. A comprehensive discussion of the laboratory's overall
objective/purpose of th1S QA Program. Our office recommends
that specific Laboratory/company policies be devloped and
documents.

Some examples are listed below:

" To maintain an effective, routine quality control program
to measure and verify laboratory performance.

° To meet data quality requirements for accuracy, precision
and completeness through the use of proven or recommended
methodologies.
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° To provide sufficient flexibility to meet specific data a^
quality requirements. 0

° To identify and provide corrective actions as soon as
possible to avoid any possible adverse affect on data
quality.

° To m o n i t o r and assess the operat ional performance of
the labora tory on a routine basis i n c l u d i n g internal and
external a u d i t s .

c Maintain complete written records of documentation
chain-of-custody, analytical SOPs, calibration and
preventive maintance SOPs, data validation and reduction
procedures, etc.

:-0 Other items that laboratories should address Include:

- resources to maintain QA
- document control
- external review of OA program
- etc.
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PROJECT O R G A N I Z A T I O N A N D R E S P O N S I B I L I T Y
0
G?»
0
(̂

Purpose: To p rov ide docurnentory ev idence of what inter- and i n t r ao rgan i za - ^
tions are p a r t i c i p a t i n g in the QA Project or Laboratory p l an . It serves
ts iden t i fy the i n d i v i d u a l s w i t h i n each o r g a n i z a t i o n who are respons ib le
for Qua l i ty Assurance (both program personnel and OA Off ice / O f f i c e r ) .
It a lso provides as a means for t r ack ing , a u d i t i n g , assess ing t r a i n i n g
needs, and for deve lop ing and improv ing QA p l ann ing .

There are two d is t inc t l ines of r e spons ib i l i t i e s : a) the program/Iabora-
to ry / fac i l i ty personnel and b) the QA officer. The dec is ion makers
a n d - r e s o u r c e m a n a g e r ' s r e spons ib i l i t i e s w i t h i n programs of f ices , l abora-
to r i e s / f ac i l i t i e s must be documented. Because of management responsib-
i l i t i e s to m a k i n g decis ions and a l l o c a t i o n of resources, they must
be responsible for the qua l i ty of data, equ ipmen t / in s t rumen t s , f a c i l i t i e s
and f i e ld / l abora to ry func t ions . QA Officer 's responsibi l i t ies must
a l so be ident i fy and documsnt in order to reduce biases and provide
the necessary external q u a l i t y control assessments of QA Plans.

M i n i m u m Requirements:

° This element mus t c lear ly ident i fy and document a11 inter- and in t ra-
o rgan lza t ions (i .e. contractors, l a b s ) that are pa r t i c ipa t ing in each
project.

° For each o r g a n i z a t i o n that is ident i f ied , i n d i v i d u a l s must be i d e n t i f i e d
( i n c l u d i n g a11 laboratory sample cus todians) by name and h is /her
respons ib i l i t i e s must be documented.

- Must inc lude the Project or Laboratory QA Officer 's r e spons ib i l i t i e s .

- Must inc lude program/management personnel responsibi i t ies .

° The QA project p l a n should contain a f low chart iden t fy ing the organiza-
t ions and l i n e of authority.
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Below are some previous program personnel and QA officers responsibilities
that should be developed and documented In each QA Plan (Project and
Laboratory). These include, but not limited to:

Program/Project Manager R e s p o n s i b i l i t i e s

° Ensure Subcontractor Procurement meet QA/QC requirements

1 Ass ignment of dut ies of the Project ( l a b . ) Staff and orientation
.of the 'staff to the QA needs and requirements of the project ( l a b ) .

° Ensure all approved project.specific (lab-specific) procedures and
internally prepared plans, drawings and reports meet QA drequirements.

° Serve as l i a s l o n ( w i t h QA o f f i c i a l ) between the Project Staff and
other in terna l or external o rgnan l za t l ons or o rgan iza t iona l sub-uni t s .

° Serve as the "collection point." for Project Staff reporting of
noncomformances and changes in QA project documents and activit ies.

° Other _ -,

F ie ld Coordinator R e s p o n s i b i l i t i e s ( L a b . Dept. or Section Heads)

° Will be responsible for all field activities including those of
subcontractors.

° Ensure that all f i e ld equipment / ins t rument meet performance cr i ter ia
and c a l i b r a t i o n requirements

0 Ensure proper l abe l i ng , h a n d l i n g , storage, and sh ipp ing requirements
have been meet.

0 Ensure all appropriate chain-of-custody procedures have been followed.

0 Assist the QA Official In Implementing any field audits.

° W i l l coordinate wi th l ine management and QA Off ic ia l the procurement
and control of equipment / ins t ruments to ensure they meet QA or OC
requirements of the project (or Laboratory).

0 Other
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Laboratory Director/Manager Responsibil i t ies

' General supervision of laboratories

° Col labora t ion w i t h the Project Manager (Permit tee) in e s t a b l i s h i n g
q u a l i t y s a m p l i n g and tes t ing programs.

° Schedule and execution of testing program.

•° Serve as liaslon between the Laboratory Staffs and other groups

'.Serves as the "collectin point" for Laboratory Staff reporting
" o f nonconformances and changes in laboratory activit ies

° Notification of the Laboratory and Quality Assurance Groups of
specific laboratory nonconformances and changes

° Maintenance of laboratory data and checkprints while the project,
or testing phase, is in progress

° Relese of-testing data and results

° Ca1 ibrat ioB-Tif equ ipment

° Storage-of samples.

QA Officer R e s p o n s i b i l i t i e s :

a. Be the official organizational contact for all QA matters for the project.
For example OA project plan Implementation, sampling and analytical methodo-
logies, Data Quality Objectives (OQOs), field and laboratory audits, manage-
ment and data quality audits, PE and QC studies, etc.

b. Actively identify and respond to QA needs, resolve problems, and answer
requests for guidance or assistance. For example field sampling problems
(limited supplies of sample container's), transportation problems (holding
time conflicts), etc.

c. Review, evaluate and approve QA project plans prior to our office (EPA
Region 6 Office of Quality Assurance) review, evaluation and approval/non-
approval.
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d. Provide g u i d a n c e ir the d e v e l o p m e n t of QA project p l ans to each respective
o r g a n i z a t i o n s program of f ices , management offices and project /program
m a n a g e r s or o f f i ce r s .

e. Ensure that management, data quality, field and laboratory audits
are performed on QA Project Plans.

f. Act ively track the progress of all QA tasks in Project Plans (from
preplanning to data assessments) and consult periodically with
program/project managers.

g. Prepare and submit all QA reports (with recommendations and comments)
to the appropriate line nidnacjers in their organization and to EPA
officials.

h. Assure that appropriate corrective actions are taken on all QA tasks
when, where and however needed.

i. Ensiire that data of known quality and integrity are avialable for each
planning (tjQOs) and report phase (val id data).

Note: A l t h o u g h some of the these r e spons ib i l i t i e s may be delegatyed out , the
u l t ima te respons ib i l i ty s t i l l l ies wi th the Project OA Of f i c i a l

* * The Project QA Official must be identified and documented in each OAPjP
before full approval can be granted.
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Element 5. Data Quality Assurance (QA Object ives)

This e lement is the most i m p o r t a n t s ec t ion in any QA project p l a n . DQOs
and a l l b a c k g r o u n d i n f o r m a t i o n are fundamen ta l to the deve lopmen t of a
sound s a m p l i n g d e s i g n a p p r o a c h and of the r e m a i n i n g QA project p l a n
elements .

Our o f f i c e ( O f f i c e of Q u a l i t y Assu rance ) does not set D Q O s , but only
eva lua t e s the app ropr i a t enes s of CQOs to the s a m p l i n g p l a n and the other
elements w i t h i n the QA project p l a n .

Purpose of DQO,'s

Al l data are subject to some error. Dif ferent types of error may be
int roduced at d i f f e r e n t stages of data co l l ec t ion . Some types of error
can be con t ro l l ed , w h i l e others cannot be control led but can be recognized
and described. Some types of error can be q u a n t i f i e d w h i l e other can
only be descr ibed q u a l i t a t i v e l y . The o v e r a l l purpose of p repar ing de t a i l ed
plans for data c o l l e c t i o n and q u a l i t y assurance is f i r s t , to make sure
that an a p p r o p r i a t e l e v e l of control is exercised over sources of error
that can be con t ro l l ed (i.e., s a m p l i n g v a r i a b i l i t y ) and second, to make
sure that suff ic ient i n f o r m a t i o n is obta ined to describe all known sources
of error to the extent poss ib le ( i .e . , o ld/new wel l des ign or cons t ruc t i on ) .

The q u a l i t y of a data set is represented in terms of f i v e character is t ics
of the da ta : precis ion, accuracy , representa t iveness completeness , and
c o m p a r a b i l i t y (-referred to as P A R C C ) . Brief e x p l a n a t i o n s of these
cha rac t e r i s t i c s f o l l o w .

P r e c i s i o n - refers to the level of agreement among repeated measurements
of the same charac te r i s t i c .

Accuracy - refers to the difference between an es t imate based on the
data and the true v a l u e of the parameter being estimated.

Completeness - refers to the amount of data that 1s successful ly
collected w i t h respect to that amount intended in the design.

Representativeness - -efers to the degree to which the data collected
accurate ly reflect the p o p u l a t i o n , group or medium being sampled.

Comparabi l i ty - refers to the s i m i l a r i t y of data from different
sources inc luded i n a s i ng l e data set.
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D - i r i n g the p l a n n i n g of a project or program that w i l l i n v o l v e the c o l l e c t i o n o
of e n v i r o n m e n t a l d a t a , it is the r e s p o n s i b i l i t y of both the managers 0<,
and t e c h n i c a l personnel to d e f i n e how they in t end to use the data and to
d e t e r m i n e the q u a l i t y of da ta needed to support that use. 0

W i t h respect to a l l data c o l l e c t i o n a c t i v i t i e s the f o l l o w i n g p r e - p l a n n i n g
quest ions m u s t be answered:

1) Is the re a d e c i s i o n ( s ) to be m a d e , a q u e s t i o n ( s ) , or
some o ther type of p rob lem to be solved?

2) Hi 11 the d e c i s i o n ( s ) or a n s w e r ( s ) depend i n part on measurement data?

3) M i l l the da ta i n p u t to the d e c i s i o n ( s ) come from data based conclus ions?

If the a n s w e r to the above q u e s t i o n s are yes, then the d e c i s i o n ( s ) or q u e s t i o n ( s )
shou ld be c l e a r l y stated i n order to e s t a b l i s h the purpose for col lec t ing data .

Also , each c o n c l u s i o n r e q u i r i n g e n v i r o n m e n t a l data should be c lea r ly stated
so that the s p e c i f i c data needed for that conc lus ion can be i d e n t i f i e d .

The next step jn d e f i n i n g DQOs is to develop s ta tements of the "universe"
to wh ich the c o n c l u s i o n s h o u l d app ly , of the level of uncer ta in ty that w i l l
be acceptab le for trve c o n c l u s i o n , and of the amoun t of t ime and the level of
resources tha t win --be used to col lect data needed for the conc lus ion .

The d e f i n i t i o n of the u n i v e r s e is needed to deve lop op t ions for the s a m p l i n g
design. A sanp l . fng d e s i g n , among other f u n c t i o n s , defines how data collectors
w i l l i d e n t i f y and select the p a r t i c u l a r sites or "uni ts" of the env i ronment
on w h i c h c h e m i c a l , b i o l o g i c a l , or phys ica l measurements win be made. Any
u n i v e r s e may be s u b d i v i d e d ( s t r a t i f i e d ) i n d i f f e r en t ways, and each of the
subgroups may be s tud ied to a greater or lesser degree. The choices made in
in d e f i n i n g the s a m p l i n g s t ra ta , se lec t ing the sampl ing u n i t s , and a l l o c a t i n g
the number of measurements to be made for each s t ratum w i l l affect the cost of
co l l ec t ing data and the a b i l i t y to make v a l i d conclusions about each of the
strata as well as about the un ive rse as a whole. The Program/Project Officer
mus t have a c lear d e f i n i t i o n of the universe of interest in order to design
a program that w i l l generate data that are proper ly representative of that
universe.
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The statement about the level of uncertainty associated with each
conclusion will be used to determine what types and levels of error which may
be tolerated in the data. No measurements system is free of error; thus,
no conclusion based on measurement data can be absolutely certain. One
of the central ideas behind the development of DQOs is that the level
of uncertainty associated with a conclusion may be controlled through
the proper design of data collection procedures and the associated QA and
QC programs. By controlling the uncertainty associated with the conclusions,
i . e . the components of a decision, the ultimate risk of making an incorrect
decision can also be controlled.

In order to develop a design that achieves a balance between different
sources of error and that controls each source of error to an appropriate
leve l , the Program/Project Officer must investigate the anticipated effect
of majo.r sources or error on the precision and accuracy of each conclusion
requiring data. These major sources include human error, error introduced
by assumptions and approximations in statistical models, sampling error, and
measurement error. The Program/Project Officers will need to determine
how error introduced from each of these sources affects the conclusions
and will need to calculate the expected precision and accuracy of each
of each conclusion, taking all of the major sources of error into account.
The calculations will involve assumptions about details of a sampling
design being considered ( e . g . , total number of samples to be collected
and their distribution anong strata) and assumptions about the values
expected in the vari'ables to be measured. The method employed in
calculating the-expected precision and accuracy of each conclusion will
depend on certain aspects of the data collection approach ( i . e . ,

' w h a t quantities-will be measured directly and what quantities win be
estimated) and on the nature of the quantity that will constitute each
conclusion ( e . g . , mean, proprotion, percitile, slope, e t c . ) .

The statements of time and resources will be used for making trade
offs between the type and quality of data that are needed and the amount
of time and money required to collect the data. Rough estimates of the
time and resources limits must be known up front for the staff to develop
reasonable alternatives for the decision-maker's consideration. In
addition, the staff should consider as an option that the time (unconstrained)
not be associated with obtaining quality information needed to make the decision.

If all of the issues just described are adequately addressed, the
Program/ Project Officer's efforts will generate the following products:

° a clear understanding of each of the conclusions requiring
measurement data.

° final statements of the acceptable levels of precision and accuracy
associated with each of the conclusions dependent on measurement data.
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° for each conclusion dependent on measurement data: 0^

- a f i n a l d e f i n i t i o n of the p o p u l a t i o n to w h i c h the c o n c l u s i o n
is in t ended to apply .

- definitions of the variables to be measured.

- statements of the acceptab le l e v e l s of precis ion and accuracy
for the measurements to be made.

- a q u a n t i t a t i v e desc r ip t ion of the effect of major sources
of error ( I n c l u d i n g more t han measurement error) on the prec i s ion and
accuracy assoc ia ted w i t h the c o n c l u s i o n ) .

- f i n a l e s t ima te s of the t ime and resources required to
col lect the data.

The f i n a l statements of the acceptable levels of precision and
accuracy associated w i t h each of the c o n c l u s i i o n s responds to the prec is ion
and accuracy componenet of P A R C C . The d e f i n i t i o n of the popu la t ion
associated w i t h each c o n c l u s i o n addresses representat iveness. The issues
of "completeness" a.nd " c o m p a r a b i l i t y " are inc luded i m p l i c i t l y in d e a l i n g
w i t h p r e c i s i o n , accuracy and representa t iveness . Mis.sing data ( "comple teness" )
may comprise accuracy by i n t r o d u c i n g a d d i t i o n a l b ias . M i s s i n g data may
also comprise representat iveness i f thsre is an i no rd ina te effect on
cer ta in of the - s a m p l i n g s trata. On the i s sue of comparab i l i t y , 1f a

- c o n c l u s i o n is expected to a p p l y to a d e f i n e d p o p u l a t i o n , then the data
mus t be comparable across that p o p u l a t i o n and among any de f ined s u b p o p u l a t i o n s
(s trata) .

Because of the complex i ty of the r e l a t i o n s h i p among the PARCC terms, our
o f f i c e ' s (Off ice of Q u a l i t y Assurance) emphasis in rev iewing DQOs w i l l be
to ensure that a l l of the necessary elements are inc luded , and not that
each of the PARCC terms be exp l i c iy ly and i n d i v i d u a l l y addressed.

Minimum Requirements:

° A statement of the dec is ion (s) that depend (s)
on the results of t h i s data col lect ion activity.

0 If the data collection ac t iv i t ly is of an exploratory
nature and not formal ly l i nked wi th a regulatory
decision, then a clear explana t ion of the purpose for
w h i c h env i ronmen ta l data are needed.

° Statements of each spec i f ic quest ion that w i l l be
addressed in the data col lect ion ac t iv i ty and the
type of conc lus ion that is an t i c ipa t&d as an appropriate

0
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only on measurements .

0

° A c lear s ta tement of the way in w h i c h each conc lus ion of the
study w i l l be represented, in terms of the results of s t a t i c i ca l
c a l c u l a t i o n s made w i t h the measurement data. For example :

- es t imates of p o p u l a t i o n parameters , such as a m e a n , p ropor t ion
or p e r c e n t i l e ;

- e s t ima ted d i s t r i b u t i o n s of the v a r i a b l e s accross the popu la t ion
sampled;

- es t imates of dose, exposure , or env i ronmenta l effects based on
c a l c u l a t i o n s w i t h the data.

- ° Statements of the accep t ab l e l eve l s of prec is ion and accuracy
assoc ia ted w i t h each of the conc lus ions dependant on measurement
da ta as f o l l o w s :

- a s ta tement of the acceptable amoun t of va r i ance or i m p r e c i s i o n
(e .g . , e i t h e r c o n f i d e n c e in te rva l s or p robab i l i t i e s of
Incor rec t ly accep t ing or re ject ing a hypothesis (Type I and
Type I I e r ro rs . )

- a descrt.ption of any expected b ias , i n c l u d i n g a statement of
acceptable amount and d i r e c t i o n of bias if th i s can be a n t i c i p a t e d .

° A d e f i s K i o n of the popu la t i on to w h i c h each of the conc lu s ions
is in tended to a p p l y , i n c l u d i n g d e f i n i t i o n s of a l l subpopu la t ions
or strata.

° D e f i n i t i o n s of fie v a r i a b l e s (e .g . , ambient concentra t ion of
poTluntant "a" i n medium "b", measured In "x" u n i t s ) that wi l l be
measured .

° The acceptable levels of precision and accuracy for the measurements
to be made.

- for each ma t r ix (medium) and parameter (va r i ab l e ) , provide a
table of the objectives for : a. Accuracy b. Precision c. Sentivity
or method detection l imi t s .

0 A f l ow chart or spread sheet i l lus t ra t ing the re la t ionship between
the measurement data and each conclusion that w i l l be made wi th the data.
The chart should diagra-n the steps that w i l l be needed i n order to
evaluate the data and draw a conc lus ion . The chart should also
present the results of s ta t i s t ica l analysis used to eva lua te the
effects of major sources of error on the precision and accuracy of
each conc lu s ion dependent on the data.
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M i n i m u m Requirenients

° For each matrix (medium) and parameter (var iable) provide a
table of the analy t ica l data quality object ives for:

- Accuracy
- P rec i s ion
- S e n t i v i t y or method detection l i m i t
- Completeness

° Other sources of error that should be d icussed , i n c l u d e , hu t
are not l i m i t e d , to the f o l l o w i n g :

- Labora tory Prac t ices (See Element Hu.iiber 6a)
- Out l ie rs ( they s h o u l d he s ta t i s t ica l ly determined)
- R e d u c t i o n and v a l i d a t i o n errors.
- In te rna l q u a l i t y control procedures.
-. o ther
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E L E M E N T 6. S A M P L I N G P R O C E D U R E S

Purpose: This element s h o u l d succ inc t ly describe the sampl ing
ra t iona le , s a m p l i n g de s ign , s a m p l i n g procedures, and a l l
other components of a project's col lect ion act ivi t ies.
Inadequate p l a n n i n g w i l l of ten lead to b iased, m e a n i n g l e s s ,
or u n r e l i a b l e resul ts ; good p l a n n i n g , on the other h a n d , can
can produce v a l i d results. The q u a l i t y and u t i l i t y of
ana ly t i c a l data depends c r i t i c a l l y on the v a l i d i t y of the
sample and the adequacy of the s a m p l i n g des ign. The
selection of the op t imum s a m p l i n g des ign 1s one of the
most important factors i n f l u e n c i n g the r e l i ab l i t y of

. data. Please refer to Data Qual i ty Objectives ( E L E M E N T 5).

Minimum Requirements for QA Plans

° P rov ide s u f f i c i e n t documenta t ion of the sampl ing rat ionale
(supported by the project desc ip t ion) , s amp l ing d e s i g n ,
s a m p l i n g procedures and other sample col lect ion ac t iv i t i e s to
enab le reviewers to adequately evaluate the appropriateness
of t h i s - e l e m e n t to the Data Qual i ty .Objectives, analyt ical
procedures, internal q u a l i t y control samples and procedures
and other elements of the project or Laboratory p lan ( i f
labor-atary is envolved w i t h sampl ing ac t iv i t i es ) .

•'.a succ inc t j u s t i f i c a t i o n of the project sampl ing rat ionale
by m a t r i x loca t ion , strata, popu la t ion , measurement para-
meter or any other charater1st1cs.

- a detail descr ip t ion of the sampl ing design

a) speci f ing the locations of the sampl ing sites
b) number of samples to be collected per matr ix
c) collection frequency
d ) the popu la t ion to be sampled ( I n c l u d i n g subpopula t ions)
e) de f in ing the sampl ing strata
f) other relevant factors which may inf luence the design

of the sampl ing approach; I.e., homogeneity of the
universe , accessibi l i ty of the sampl ing area, s a m p l i n g
condi t ions , well design or construction, etc.

° Prov ide a map showing s a m p l i n g sites, strata and other relevant
factors (i.e., well locations, atypical habi ta ts , etc.).

° Prov ide flow d i a g r a m ( s ) or charts(s) de l inea t ing sampling
program operations.
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° I d e n t i f i c a t i o n of s a m p l e c u s t o d i a n ( s ) . (need not i nden t i fy ,
i f i d e n t i f i e d in E L E M E N T 4) .

° Provide a complete descr ip t ion of the s a m p l i n g procedures
or SOP(s ) . These procedures should be documented in the
QAPjP as an appendix .

° P rov ide a t ab le d e t a i l i n g sample preservation methods, m a x i m u m
h o l d i n g times and types of containers to be used.

° Document a11 special cond i t ions for preparat ion of s a m p l i n g
equipment and conta iners to aviod sample con t amina t ion
(i.e., con ta ine rs for organics should be solvent-rinsed; containers
for- t racemetals shou ld be a c i d - r i n s e d ; containers for bacteria
shou ld be s t e r i l i z e d ) .

- must i n c l u d e spec i f i c decon tamina t ion procedure(s).

° Provide examples ( e x h i b i t s ) of forms, notebooks and documents to be
used i n recording data co l l ec t ion ac t iv i t ies (See E L E M E N T 7).

° Provide de ta i led descr ip t ions and/or cr i ter ia of Good Field or
Management Practices ( a l so see E L E M E N T 6a).

- The f o l l o w i n g Good Field and/or Management Practices
•should be developed (** wr i t t en procedures or SOPs) and

^ . implemen ted in a l l QA project and Laboratory Plans (where
-' - app i i c a b l e ) :

"For each written procedure, the following information shouT?
be included:

1) the responsible individual(s).

2) the review and evaluation process and frequency of review

3) the quality control criteria (where applicable)

4) the f i l i n g and/or storage procedures and codes for re-
tr ieving those f i les ( l o g i n and logout procedures).
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A. A d m i n i s t r a t i v e procedures:

° correspondences (letters and memorandums)

° QA/QC reports

° Data repor t ing and checks
- errors
- completeness

° procurement procedures (QC c r i t e r ia )

B. Documenta t ion :

° F ie ld ac t i v i t i e s ( sample tags, c h a i n of custody forms,
notebooks , etc.).

° Procedures for f i l i n g and storages of records

° Records retent ion time frames (Storage)

C. Review and e v a l u a t i o n ;

.5 ° Sampl ing p lans (s i te I n v e s t i g a t i o n p lans , project
'.? operation p l a n s , etc).

° S a m p l i n g des igns (s ta t i s t ica l or professional judgement ) .

° Field cons t ruc t ion ac t iv i t e s (well d r i l l i n g , f o u n d a t i o n s ,
d ikes , soil l iners , leachate col lec t ion systems, etc.)

° Field Standard Operating Procedures (on a a n n u a l bas is )

° F ie ld Instrument and equipment qual i ty control criteria
in procurement requests.

D. Quality control procedures:

° To ensure adequate supplies and spare parts ( s tandards,
reagents, preservation mater ia l , sample containers, etc.).

° F i e ld decontaminat ion procedures.

t Corrective actions on equipment/procedural problems
or fa i lures .

° Standard operat ing procedures are implemented.
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° Maximum h o l d i n g t imes and proper sample containers .

° F i e l d q u a l i t y control samples and thei r f requencies .

° Fie ld or management data v a l i d a t i o n procedures.

° Storage, p a c k a g i n g and shipment of samples .

° Fie ld c a l i b r a t i o n / p r e v e n t a t i v e m a i n t e n a n c e procedures.

E. Data processing, rev iew and reporting:

° Qual i ty control checks on procedures and frequencies

° Computer q u a l i t y control checks on I n p u t s , outputs ,
and v e r i f i c a t i o n of softwares

- procedures
- frequency of checks
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ELEMENT 6a: GOOD LABORATORY PRACTICES

Laboratories inherently have activit ies prior to and following ana-
lysis which directly or indirectly affect the quality of data. To
ensure that reliable and defensible data has been generated and that
all sources of error (internally and externally) have been identified
(See ELEMENT 5 ) , every laboratory must maintain an acceptable level
of Good Laboratory Practices (GLPS).

M i n i m u m Requ i remen t s :

° Provide a general description of GLPs that have been developed and
implemented in your laboratory.

° Provide.a table detail ing the sample preservation technique,
maximul?'holding times and the types of containers required per
parameter- (variable) or parameter group.

° Document a l l special condi t ions for preparat ion of sampl ing equ ipment
and containers to a v o i d sample contamina t ion per parameter group
(i.e., organics , trace me ta l s , bacteria , radi'ochemical parameters) .

- I n c l u d e all speci f ic rout inely used decontamina t ion procedures.

° Provide complete Standard Operat ing Procedures for recording data
in forms, notebooks, computers, etc. and how records are to be
ident i f ied and stored, (also see ELEMENT 6).

° Provide a f low chart o u t l i n i n g the major laboratory act ivi t ies.

° Provide detailed description's and criteria for Good Laboratory
practices not addressed 1n other elements. See the following pages.
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The fol lowing Good Laboratory and Management Practices should be developed and '~"
implemented in all QA P ro jec tsand Laboratory Plans (were appucabieTT

0

A. A d m i n i s t r a t i v e Procedures:

1. Records fil ing and storage procedures
2. Correspondance procedures (letters, memorandums, etc.)
3. QA/QC reporting procedures
4. Data reporting procedures

- Quality control checks on errors and completeness.
.5. Procurement request (quality control criteria).

B. Facility Quality Control Requirements:

1. Should include, but not limited to, the following items:

a. v e n t i l a t i o n
b. compressed a i r
c. h u m i d i t y
d. temperature
e. electricity and voltage controls
f. noise levels
g. -storage (cold room, chemicals, walkin incubators, etc.)
h. rotation of i n i c r o b i a l , chemica l , radiochecical laboratory sections

(i.e., the microbial and chemical lab sections must not be located
.''; in the same room/area without a physical division/partion.

2. Q u a l i t y control criteria shou ld be established for each item
i d e n t i f i e d .

3. Quality control criteria should be incorporated into procurement
requests.

4. Should identify the responsible individual that will ensure the
quality of the items identified.

C. Equipment/Instrument Quality Control Requirements:

1. Items that should be covered include, but not limited to the following:

a) analyt ical instriments/laboratory equipment.
b) furnaces
c) incubators
d) generators
e) refrigerators
f) laboratory hoods
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g) equi [merit/instrument parts ^
h) equipment/ instrument services contracts 0
i) chemical, microbial, radiochenical and volumetric tolerance

of laboratory storage containers.

2. Quality control criteria should be established for each item identified.

3. Quality control criteria should be incorporated into procurement request.

4. Should identify the responsible individual that will ensure the quality
of the items Identified.•>-

D. Laboratory Material Quality Control Requirements:

1. Should include, but not limited to, the following Items (for each
analytical method):

a) grades of reagents
b) grades of solvents
c) grades of gases
d) -grades of membrane fi lters
e)-grades of microbidi media
f.) grade of distilled/deionized water

2. QuaT-i.ty cont^ criteria should be established for each Item identified
(per analytical method).

3. Quality control criteria should be Incorporated into procurement request.

4. Should identify the responsible individual that will ensure the quality
of the items identified.

E. Storage Requirements for Laboratory Material:

1. Items that should be covered include, but not limited to, the following:

a) reagents, solvents, gases
b) microbfal media
c) samples, standards, blanks
d) sample extracts
e) radiological materials, and samples
f) light sensitive reagents and solvents.
g) microbial cultures
h) Hazardous waste, extracts, etc.
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2. Q u a l i t y control c r i t e r i a should be es tab l i shed for each item i d e n t i f i e d . ' 0

3. Q u a l i t y control cr i ter ia shou ld be incorporated into storage procurement
requests (also see C . )

4. Should ident i fy the respons ib le I n d i v i d u a l that w i l l ensure the qua l i ty of
the items iden t i f i ed .

F. Disposal of Hazardous Was te :

1. Should develop and implement disposal procedures

2. Ident i fy and es tabl i sh qual i ty control criteria for the disposal of
hazardous waste.

3. Qua l i ty control cr i ter ia shou ld be incorporated into equipment,
supp l ies , containers , and other procurement requests.

4. Should ident i fy the responsible I n d i v i d u a l that w i l l ensure proper
storage of hazardous waste.

G. Data processing, review and reporting:

1. Items that. should be covered Include, but not 'limited to, the following.

a) manual data processing procedures
b). computer data processing procedures
c) data package completeness

- raw data
- - calculations

- calibration graphs, charts
- strip charts
- GC/MS printouts
- method detection limit
- etc.

d) manual data package review
e) computer data Inputs and outputs reviews
f) ve r i f i ca t ion procedures for computer software
g) quality control checks (procedures^ and frequencies for a

thru f above. ~

- manually
- use of reference materials (for computerized instruments)
- use of more rigorous software programs.
- etc.
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2. Quality control criteria should be established for data processing, o
reviews, and reporting.

3. Quality control criteria should be incorporated into equipment and
supplies (i.e., computers, sof twares, paper printing quality, etc.).

4. Should identify the responsible individual that w 1 1 1 ensure the
quality of the data processing, rev iews, and reporting.

H. Glassware 'Cleaning Requirements

1. Items that should be covered include, but not limited to, the following:

a) cleaning based on substances to be removed
b) cleaning based on analytical requirements
c) cleaning based on sampling requirements
e) cleaning based on biological requirenents

2. Quality.control criteria should be established for each item
identified (down to specif ic methods, if required).

3. Quality control criteria should be incorporated into cleaning
material procurement requests.

4. Should identify the responsible individual that will ensure the
quality of the items Identified.

I. This section should reference the other elements In the OA p''an were Good
Laboratory Practices are addressed.

For example: ELEMENT 7 Sample custody
ELEMENT 8 Calibration procedures
ELEMENT 9 Analytical procedures
ELEMENT 10: Data reduction, validation and reporting
Etc.
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ELEMENT 7. SAMPLE CUSTODY PROCEDURES

Purpose; Sample custody procedures are necessary to m a i n t a i n and
document s a m p l e p o s s e s s i o n ; to adequately establish and /o r
suppor t the use of s a m p l e data In potential enforcement,
r egu la to ry or l e g i s l a t i v e actions.

Our o f f i c e recommends tha t EPA Nat iona l Enforcement Invest -
i g a t i o n Center ( N E I C ) or equ iva len t sample i den t i f i c a t i on ,
documenta t ion and chain-of-custody procedures be used.

( N E I C P o l i c i e s and Procedures. EPA-330/9-78-Oty-R.
Rev i sed February L»84).

The foil owing Sample Custody should be adopted.

A sample./j-s under custody j_f:

I-.; It is in your possess ion , or

2. It is in your v i ew , after being in your possession, or

3. "It was in your possession and you locked it u p , or

4. It is in a des ignated secure area.



Section flo. __7
R e v i s i o n No. P
Date: Janua77 1 » 19^6
Page ? of 7

Minimum Requirements

Field

° Document the procedures for preservat ion of reagents
or supp l i e s w h i c h become an integral part of the sample.

° Document the procedures for identifying samples to be
collected.

- Prepared saiiple l abe l s

^° Document the procedures and forms (notebooks) for recording
the e'xact l o c a t i o n , a n a l y s i s to be performed, sample history,
s a m p l i n g c o n d i t i o n s , etc.

° Document the field custody procedures and provide examples of
all forms that win be used during the project.

Laboratory

° Document -the procedures for receipt of samples.

° Document 'the forms (notebooks) for recording ( l o g g i n g )
samples received/ transfered w i t h i n the laboratory.

° Document the laboratory custody procedures and provide examples of
a l l forms that w i l l be used d u r i n g the project.

Project Documentation

It is the r e s p o n s i b i l i t y of a l l o rganiza t ions to ensure that all project
documents issued to or generated by organiza t ions w i l l be accounted
for when the project is completed. Therefore:

° Develop and implement procedures for documenting projects (Refer
to N E I C Policies and Procedures. EPA-330/9-78-00-R. Revised F»B.,
198^—————————————————

5
- ser ial ized document cont^ system.

- document Inventory procedures

- an evidentiary filing system
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Sample I d e n t i f i c a t i o n :

The method of i d e n t i f i c a t i o n of a sample depends on the type of measurement
or analyses performed. When in-si tu measurements are made, the data are recorded
di rec t ly In logbooks or f i e l d data records, wi th i den t i fy ing Informat ion (project
code , . s ta t ion numbers , s tat ion loca t ion , date , t ime, samplers), f ie ld observat ions ,
and remarks. .Examples of in - s i tu 'neasurements i nc lude pH, temperature, conduct iv i ty ,
f low measurement , cont inous a i r . m o n i t o r i n g , stack gas analysis and OVA.

Samples , other than in-sit , i measurements, are i d e n t i f i e d by a sample tag or
other appropr ia te i den t i f i ca t ion (hereafter referred to as a sample tag) .

These samples are removed and transported from the sample locat ion to a
laboratory or other locat ion for analysis. Before removal , however, a sample is
often separated in to portions depending upon the analyses to be performed. Each
portion is preserved in accordance wi th app l i cab le procedures and the sample
container is iden t i f i ed by a sample tag. The in fo rma t ion recorded on the sample-
tag should include'-the f o l l o w i n g :

Project Code

Station Number

Date

Time

Station Location

Samplers

Remarks

Preservative used

Type of analysis required

Lib Sample No. (May be completed by the receiving laboratory)
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The sample tag contains an appropriate place for designating the sample as a grab
or a compositeand identifying the type of sample collected for analyses. When
used for air samples, the sampler may use the remarks section to designate the
sequence number and identify the sample type. The Project Officer win detail
procedures for completing tags used for soil, sediment, and biotic or other
samples. The sample tags are attached to each sample or container.

After col lect ion, separation, identification, and preservation, the sample is
maintained under chian-of-custody procedures discussed below. If the composite or
grab sample is to be split, it is aliquoted into similar sample containers.
Identical information is completed on the tag attached to each split and one is
marked" "Sp1 i t". In a similar fashion, tags will be marked for "Blank" or
"Duplicate" samples.

Field logbooks are used to document a 1 1 field activit ies and win ensure the
validity of the samples collected. All Information of the field act iv i t ies
should be recorded into a logbook. The logbooks) should include the following
Information:

° Location'-of the sampling points

° Purpose of the sampling (i.e., defining pit areas, plumes, etc.)

° Tne .environmental setting

° "Pie number and amount of samples taken or required

° Weather conditions

° Field observations and measurements

° Description of sampling points
- photographs
- maps

" Date and time of collections)

° Type of preservative used

° Analysis, laboratory distribution or storage requirements

° The types and quantities of standards and/or reagents used
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Field Custody Procedures

1. Collect only the number of samples neeeded to represent the media be ing
sampled. To the extent pos s ib l e , de termine the quan t i ty and types of samples a n d
sample l o c a t i o n s p r io r to the actual f i e l d work . As few people as poss ib le s h o u l d
h a n d l e samples .

2. The f i e l d sampler is personal ly responsible for the care and custody of
the samples collected un t i l they are properly transferred or dispatched.

•-3. Sample tags s h a l l be completed for each sample, u s i n g waterproof i n k
unless p roh ib i t ed by weather cond i t ions . For example , a logbook notation would
e x p l a i n that a penc i l was used to f i l l out the sample tag because a b a l l point
pen would not f u n c t i o n i n freezing weather.

4. The Project Of f ice r should determine whether proper custody procedures
were fol lowed d u r i n g the f i e l d work and decides if a d d i t i o n a l samples are required.

Transfer of Custody and Shipment

1. Samples are accompained by a Chain-of-Custody Record. When t rans fe r r ing
the possess ion 'of ' ' samples , the i n d i v i d u a l s r e l i n g u i s h i n g and receiving w i l l s i g n ,
date, and note- the t ime on the record. This Record documents sample custody
transfer from the sample r , of ten through another person, to the analyst in a
mobi le laboratory or at the laboratory.

2. Samples w i l l be packaged properly for shipment and dispatched to the
appropriate laboratory for ana lys i s , with a separate custody record accompanying
each shipment (e.g. , one for each f ie ld laboratory, one for samples sh ipped ,
d r i v e n , or otherwise transported to Lab). Shipping containers wi l l be padlocked
or sealed for shipment tu the laboratory. The method of shipment , courier narnets)
and other pertinent informat ion is entered in the "Remarks" section on the custody
record.

3. Whatever samples are split with a source or government agency, a separate
Receipt for Samples form Is prepared for those samples and marked to Indicate
with whom the samples are being split. The person reiinguisning the samples to
the fac i l i ty or agency should request the signature of a representative. }f B
representative Is unava i l ab l e or refuses to Sign, this 1s noted In the "Received
by" space. When appropr ia te , as in the case where the representative is u n a v a i l a b l e ,
the custody record should contain a statement that the samples were delivered to
the designated locat ion at the designated time.
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4. All sh ipments w i l l be accompained by the Cha in-of -Custody Record 0

ident i fy ing -its contents . The o r i g i n a l record w i l l accompany the sh ipment , and
the copy shou ld be re ta ined by the Project Officer.

5. If sent by m a i l , the package w i l l be registered w i t h return receipt
requested. Fre ight b i l l s , post o f f i c e receipts, and B i l l s of L a d i n g win be
retained as part of the permanent documenta t ion .

Receipt for Samples Form

A completed Rece ip t for Samples form compiles wi th these requirements and is
used whenever sp l i t s are p rov ided . This form must be completed and a copy g iven
to the owner, opertor, or agent- in-charge even if the offer for split samples is
declined. The o r i g i n a l is retained for the Project Officer,

laboratory Custody Procedures

1. A designated sample cus tod ian accepts custody of the sh ipped samples and
ve r i f i e s that the, . information on the sample tags matches that on the Chain-of-
Custody Records. /.Pertinent i n fo rma t ion as to shipment , p i ckup , courier , etc. is
entered in the' "Remarks" section. The custodian then enters the sample tag data
into a bound .logbook w h i c h should be arranged by project code and station number .

The laboratory cus todian w i l l use the sample tag number or ass ign a
u n i q u e laboratory number to each sample tag and assure that all samples are
transferred to the proper analyst or stored in the appropriate secure area.

2. The custodian dis t r ibutes samples to the appropriate analysts.
Laboratory personnel are responsible for the care and custody of samples from
the time they are received unti l the sample Is exhausted or returned to the
custodian.

3. When sample analyses and necessary qua l i ty assurance checks have been
completed in the f i e ld , the unused portion of the sample must be disposed of
properly. A11 ident i fying tags, data sheets, and laboratory records shall be
retained as part of the permanent documentat ion. Samples received by the laboratory
Should be retained unt i l after analyses and qual i ty assurance Checks are Completed.
When Invest igat ive documents are requested, for the evidentiary f i le , all Identifying
tags are removed for retention In the permanent documentation. Sample containers
and remain ing sample material should be disposed of appropriately.
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4. Samples of m a t e r i a l s w h i c h have been associated wi th h igh hazard leve ls
should received in a specia l ized regulated laboratory. This laboratory reduces
the h a z a r d o u s character is t ics of these samples and prepares them for rout ine
analys is . To a v o i d potent ia l c o n t a m i n a t i o n , tags from samples received by the
laboratory are not considered permanent documents and w i l l not be Incorporated
into the e v i d e n t i a r y f i le . The laboratory win ver i fy thatTRe Informat ion on
a r r i v i n g sample tags is accura te ly recorded on the appropriate Chain-of-Custody
Records and not i fy the project manager or off icer of any discrepancies. The
sample tag number is entered on the Chain-of-Custody Record in the "comments"
column, regulated laboratory personnel w i l l i n i t i a l the entry after ver i fy ing
sample tag data or r e so lv ing a descrepancy.

5. The laboratory w i l l submi t a memorandum to program officer when the
project documents are assembled. The memorandum, to be retained in the ev iden t ia ry
f i l e , cert i f ies that the sample tags have been appropriately disposed of together
wi th the samp le containers and any remain ing portions. ~

6. Data magne t i c tapes w i l l be copied into the appropriate l ab
minicomputer d isc f i les . The o r i g i n a l tapes wi l l then be stored in the locked
cabinets and the.disc data w i l l be used for computer data processing.
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E L E M E N T 8. C A L I B R A T I O N P R O C E D U R E S A N D F R E Q U E N C Y 5

Purpose: C a l i b r a t i o n procedures (ana ly t ica l S f i e l d ) and their frequencies
( r e c a l i b r a t i o n ) serves as a q u a l i t y control check on the b ias
of i n s t rumen t s d u r i n g the portion of the ana lys i s .

M i n i m u m Requi rements :

'.For each measurement parameter (or parameter group) the following information
sholud be documented:

° Provide a writ ten description. Standard Operating Procedure,
or reference the applicable manufacture procedures (manual).

° P rov ide the frequency for recal ibrat ion ( i n t e rna l l y and
external1y) .

° Lis t the c a l i b r a t i o n standards to be used and their
sources, i n c l u d i n g traceabi'1 ity procedures.

° Prepare a QA/QC review audit flow chart showing the organizational
levet and key individuals who will review the calibration procedures.

° The c a l i b r a t i o n procedures should conta in , but not l imi t ed
to, the f o l l o w i n g i tems:

- equipment indentification number (code)

- calibration schedule (fn-house, externally)

- any specific equipment specification that may be required

- cr i ter ia for select ing equipment to meet any equipment
specif icat ions

- specific step-by-step procedures

- equipment calibration log sheet

a) Date of calibration.

b) All information pertain to calibration procedures (i.e.,
maintenance problems, equipment failures, etc.).
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c) Document the i n d i v i d u a l who ca l ibra ted the Inst rument and
FQ

d ) ensure that a l l adjustments have been made CN)

e) Document a l l equipment f a i lu res . '-
o

f ) Correct ive ac t ion procedures ( i f ins t rument is out of order) .

g ) Al l i n f o r m a t i o n pe r t a in to c a l i b r a t i o n procedures shou ld be
i n c l u d e d ( i . e . , reocurr ing ma in tenance problems).
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ELEMENT 9. ANALYTICAL PROCEDURES

For each m a t r i x (or m a t r i x g r o u p ) and parameter the f o l l o w i n g •information
is required.

a) P r o v i d e a w r i t t e n de sc r ip t i on ( S O P ) of the ana ly t i ca l procedure
or reference the a p p l i c a b l e EPA, ASTM, or Standard Methods
procedures .

b) E a c h - a n a l y t i c a l procedures s h o u l d conta in the sens i t iv i ty or
•' method de tec t ion l i m i t .

- This can be addressed in ELEMENT 5.

•Analyt ical procedures also i n c l u d e s geotechnicals . m ic rob i a l , a q u a t i c .
b iochemical , earth science methods or any other envi ronmenta l measurement
m e t h o d s . ' ...

OFFICIALLY APPROVED OR RECOMHMENDED EPA PROCEDURES WILL BE USED WHEN AVAILABLE.
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ELEMENT 10. DATA REDUCTION, VALIDATION AND REPORTING r̂

Minimum Requirements:

For each major measurement parameter (or measurement m e t h o d ) , describe
the f o l l o w i n g i tems:

° Document the p r i n c i p a l c r i t e r ia that w i l l be used to va l ida t e data
•._ in tegr i ty , at m i n i m u m it should i n c l u d e the fo l l owing :

- Data Logg ing
a ) Ver i fy a l l paperwork , chair-of-custody

forms, etc.
b) Verify a l l h o l d i n g times, preservations

and conta iners .
- Completeness of ana ly t i ca l data.
- Correct ions of a n a l y t i c a l data.

a) a check on a l l mathemat ical c a l c u l a t i o n s
b) a check on a l l da ta t ranspos i t ions .
c") a check on a l l u n i t s of measure.
d V 'a check on a l l s i g n i f i c a n t f igures.

• e / ' a check on a l l Ins t rument ' s ca l ib ra t ions , t u n i n g s , and
performances.

' • ' f ) etc.
- Accuracy
- Precis ion
- Representat iveness

° Methods used to iden t i fy and treat out l iners , all ou t l iners should be
s t a t i s t i c a l l y evaluated.

11 Provide a l l equations used to ca lula te the concentration or value of
the meassured parameters and reporting uni t s or reference the appl icab le
SOP or EPA, ASTM, Standard Methods procedures r If a" SOP is referenced,
(other than EPA, ASTM or Standard Method) then the SOP must be appendixed. '1

° Provide a data f l ow chart from collection of raw data through storage of
va l ida ted concentrations w i t h the o rgan iza t ion level and key i n d i v i d u a l s
who wi l l review or handle the data.

° Provide the report ing and the QA/QC review procedures ( In ternal ly
and external ly) .
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ELEMENT 11. INTERNAL QUALITY CONTROL CHECKS.

Purpose: In ternal and external Q u a l i t y Control Check samples and
procedures are used to provide a measure of the cons i s t ency-
of samples and to p r o v i d e an es t imate of v a r i a n c e and the
b ias in the co l l ec t ion process, h a n d l i n g processes (such
as s a m p l e s h i p p i n g , storage, and p r e p a r a t i o n ) , and analyses.

Other q u a l i t y control checks that shou ld be documented or refer-
enced such as , cons t ruc t ion and review of q u a l i t y control
char t s (Shewhar t or Cusum c h a r t ) ; c a l i b r a t i o n procedures;
p reven t ive m a i n t e n a n c e procedures; data r e d u c t i o n / v a l i d a t i o n
procedures; q u a l i t y control check sample programs; performance
e v a l u a t i o n s tud ie s ; the t r aceab i l i t y of Ins t rumen t s tandards ,
samples and da ta ; ana ly t ica l and DC methods, sample preservat ion
and t r a n s p o r t a t i o n procedures; a n d audits .

Minimum Requirements:

Identif-y and b r i e f l y descr ibe each q u a l i t y control check sa^e.and
procedures that is or w i l l be incorporated into the project and tha t
w i l l meet ' the Data Qua l i t y Object ives of the project or Laboratory.

For each q u a l i t y control check sample and procedure document the
frequency of use or review. Our off ice recommends that OC samples
be analyzed at a 10$ frequency.

Provide a f low char t showing in te rgra t ion of the q u a l i t y control
check samples , procedures and review procedures.
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The t a b l e 11-1 presents the breakdown of QC samples used I n previous
projects ( s t u d i e s ) .

Table 11-1. Q u a l i t y Control Check samples

Sample Comments

Field B l a n k s

Sample Bank Blanks
(Method B l a n k s )

Analyzed to detect accidental
or inc iden ta l contaminat ions .

A field b l a n k passed through
the sample preparation and
operators, af ter c l e a n i n g ,
to check for r e s idua l
contaminat ion.

Con tamina t ion Blanks

Reagent Blank

Calibration Check Standard

Spiked Sample
( F i e l d Mat r ix Spike)

Total recoverable

A f ie ld b l a n k passed th rough
equipment and/or samples
to check for res idual con-
t a m i n a t i o n .

A b l a n k to check reagent
c o n t a m i n a t i o n level.

A s tandard for extract
mat r ix effects on recovery
of known added analyte.

To check for sample and
extract mat r ix effects on
recovery of known added
analyte.

A split sample (a second
al iqueot ) Is digested by a
more vigorous method to check
the efficiency of the protocol
method.
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Sample Comments

Sp l i t -Ex t rac t
(Lab s p l i t )

Dupl icate Sampi e

To check sample , in jec t ion and
ins t rument reproducib i l i ty .

To determine total random error.

T r i p l i c a t e Sample

Internal Standards
( S p i k e s )

Surrogate Sample

Indicator Sample

""he prepared sample is spli t
into three portions to provide
b l i n d dup l ica tes for the ana ly t i ca l
laboratory and a t h i rd replicate
for a referee laboratory to
determine in ter lab precis ion.

An analyte w h i c h mimics the
behav ior of target analytes
and is added to extract prior
to ana lys i s , to check on instr-
ument performance.

An analyte w h i c h m i m i c s the
behavior of target analytes,
and is added to f i e l d sample or
l a b extract, to check for
sample/extract or extract
m a t r i x effects on recovery of
known added analyte.

U s u a l l y a qua l i t a t i ve or semi-
qua l i t a t ive parameter (method)
used to indicate the presents
of specific analytes.



Section No. 12
Rev is ion No. P
Date: Janua'Fy 1 , IPPg
Page 1 of 3

E L E M E N T 12. M A N A G E M E N T , DATA Q U A L I T Y , T E C H N I C A L SYSTEM AND P E R F O R M A N C E A U P I T S o^
(N

0^
Purpose: Project audits provide assurance that the quality control job is '—'

being done effectively. Audits will serve to: °

Provide to managemen t an on-going assessment of the q u a l i t y of
the r e su l t s p roduced by the o r g a n i z a t i o n s data co l lec t ion act-
i v i t i e s and how wel l data qua l i t y objectives (DQOs) are being met.

Iden t i fy areas where improvement in the QA win result in increased
r e l ( a b i l i t y of data .

Ensure that the QA program as defined by the QA Project P l a n is
imp lemen ted .

- Demonstrate tha t a o r g a n i z a t i o n is act ively assessing the ef fec t ive-
ness of i ts QA p rogram.

- Evaluate appropriateness of resource levels applied to OA.

Provide a measure of the organizat ion's commitment to effective
corrective action when audits identify areas of concern.

- Prov-ide suggestions for alternative ways of accomplishing PA tasks
or dealing with QA problems.

Below are the four basic audits that each project (or laboratory) plan should
describe (both in-house and extramurally). Some of these audits may be an
ongoing process (Management), crossing over several projects, but affects
each project and thus should be documented in each QA project plan.

Management Audi ts

Management audit is a systematic investigation to determine whether
management functions and responsibilities related to environmental
measurements are performed In accordance with appropriate quality assurance
guidance. They are a review of the Implementation of the approved QA
plans. They evaluate the QA program of an organization responsible for
environmental data collection activity in all Its dimensions:

- The level of f i n a n c i a l resources and personnel devoted to
Implement ing the QA program.

- The level of management support.

- Tracking systems.
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- Cri ter ia for c l a s s i f y i n g data c o l l e c t i o n projects, acco rd ing to how ^-
stringent the QA need to be and how extensive the docicnentation 2
needs to be. o

- Procedures for developing DQOs.

- Procedures for developing and approving QA Project Plans (OAPjPs) .

- The Quality of ex is t ing OAPjPs.

- Procedures for developing and approving Standard Operating
Procedures (SOPs) .

-- Procedures and schedules for conducting audits.

Data Quality Audits

Data quality audit is a systematic investigation to determine whether
data derived from an environmentally realted measurement is of known quality.
A data quality audit focuses on collected data and it will determine whether
or not sufficient information exists with the data set to support an assessment
of data quality. . Data quality audits evaluates:

- A data set, or all the data sets of a particular project, against
its data--quality objectives (DQOs).

- Whether or not the organization collecting or using the data,
performed its own date quality assessment, and

- Heeded .the results of its assessment In terms of whether or not
the dat could be used to support -its decesion.

- Whether or not an organization Identified deficiences (if they
existed) and corrected the causes(s), both technical and managerial.

Technical Systems Audits (Field and Laboratory Audits)

Technical systems audit is a systematic investigation to determine
whether data collection and analytical technologies are sufficient to
meet the data quality objectives. Technical system audits evaluates;

- Field and analytical measurement procedures (SOPs).

- Field and laboratory chain of custody procedures and records.

- Internal quality control procedures.

- Control charts.
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Field and labora tory c a l i b r a t i o n procedures and records. 5^

- M a i n t e n a n c e procedures and repa i r records.

Field and laboratory corrective action procedures.

V a l i d a t i o n , r e d u c t i o n and report ing procedures.

- Equipment and f a c i l i t i e s ( f i e l d and laboratory) .

- Support systems ( f i e l d & laboratory) .

- General laboratory clean!iness.

- Other

Performance E v a l u a t i o n Audi t

Performance e v a l u a t i o n is the means of e v a l u a t i n g the performance of
laboratory t e c h n i c i a n and the Ins t ruc t ion or ana ly t i ca l systems on w h i c h
they work. A PE a u d i t is accompl ished by p r o v i d i n g PE samples con ta in ing
spec i f i c p o l l u t a n t s ( i n the appropr ia te m a t r i x ) unknown to the t echn ic i an
in their iden t i ty .and /or concen t ra t ion . Performance eva lua t ions are
implemented externally .by the EPA Off ice of Qual i ty Assurance, EPA Project
Off ice rs or laboratory managemen t and enternaTly by the o rgan iza t ion ' s
QA Offical or Project Off icer . Some Nat ional Program Offices, notably the
Nat iona l Po l lu t ion D i scha rge E l i m i n a t i o n System (NPDES) and the Of f i ce of
D r i n k i n g Mater programs have a n n u a l nation-wide PE audi ts .

Him'inum Requirements:

0 Develop written procedures (SOPs) for audits. If audits have not been
developed, a schedule for developing audits must be Included.

° Describe how the audi t s w i l l be intergrated and implemented [ ' internally
( rou t ine ly ) and externally].

° Ident i fy and describe a11 audits p lanned for the project or laboratory
Include any current or recent EPA audi ts (I.e., PE Studies, laboratory
audi t s w i t h i n the last year).

° Document any In-house audi ts that may affect or be Intergrated wi th
speci f ic project audi t s .

o
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Field and laboratory calibration procedures and records.

- Maintenance procedures and repair records.

Field and laboratory corrective action procedures.

- Validation, reduction and reporting procedures.

- Equipment and faci l i t ies (field and laboratory).

. - Support systems (f ield S laboratory).

General laboratory cleanliness.

- Other

Performance Evaluation Audit

Performance evaluation is the means of evaluating the performance of
laboratory technician and the instruction or analytical systems on which
they work. A PE-audit is accomplished by providing PE samples containing
Specific pollutants (in the appropriate matrix) unknown to the technician
1n their identlty'and/or concentration. Performance evaluations are
Implemented exteRffally by the EPA Office of Quality Assurance, EPA Project
Off icers or laboratory management and enterna'ny by the organization's
QA Offical or.Project Officer. Some National Program Offices, notably the
National Pollution Discharge Elimination System (NPDES) and the Office of
Drinking Water programs have annual nation-wide PE audits.

Minimum Requirements:

° Develop written procedures (SOPs) for audits. If audits have not been
developed, a schedule for developing audits must be included.

° Describe how the audits win be Intergrated and Implemented ['Internally
(routinely) and externally].

B Identify and describe all audits planned for the project or laboratory
Include any current or recent EPA audits (i.e., PE Studies, laboratory
audits within the last year).

° Document any 1n-house audits that may affect or be •tntergrated with
specific project audits.
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ELEMENT 13. PREVENTIVE MANITENANCE PROCEDURES.

Purpose: To insure that a11 f a c i l i t i e s equipment ( i n c l u d i n g f i e l d equip-
m e n t ) s e rv ice ' s ins t ruments and any other anc i l l a ry items that are
a v a i l a b l e , are properly f u n c t i o n i n g and m a i n t a i n e d .

M i n i m u m R e q u i r e m e n t s :

° A d e s c r i p t i o n of how the r e spons ib le organiza t ions) monitors and
^ controls f a c i l i t i e s equipment, services instruments and any other

a n c i l l a r y items (Management SOPs).

° Describe what p reven t ive ma in tenance wi l l be covered, for example
labora tory ins t ruments , f i e l d ins t ruments , water d i s t i l l a t i o n or
de iomza t ion u n i t , glassware wash ing machines , i ncuba to r s , etc.

° Wha t is the frequency for inspec t ing equipment , ins t ruments and
any other a n c i l l a r y items ( in-house and by certified inspectors) .

° For each ptece of equ ipment and instruiient that has the potent ia l to
s i g n i f i c a n t l y a l t e r i n g data resul ts (i.e., D.O. probe) or has the
potential for s i g n i f i c a n t l y a l t e r i ng the a l l o c a t i o n of resources
( i .e . , d r iTTing a p p a r a t u s ) i n c l u d e a l is t of cr i t ical space parts
that should be on hand to m i n i m i z e downtime.

° Prevent ive m a i n t e n a n c e procedures should con ta in , but not l imi t ed to ,
the fo l l owing items (per ins t rument / equ ipment ) :

- speci f ic step-by-step procedures.

- maintenance log sheets and/or schedules ( in -house and ex terna l ly
by cert i f ied Inspectors).

- due dates ( I f app l icab le ) for maintenance .

- document the I n d i v i d u a l (s) responsible for ensuring maintenance
has been made.

- document a l l maintenance performed. I n c l u d i n g dates of maintenances.

- document the corrective action procedures for preventive main tenance
procedures w h i c h have not been followed, and the annua l review
procedures of the preventive maintenance procedures.
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E L E M E N T 14. S P E C I F I C R O U T I N E P R O C E D U R E S U S E D TO ASSESS DATA Q U A L I T Y 5^
O B J E C T I V E S 0

Purpose: Data assessments are systematic procedures used for
r e v i e w i n g data se t ( s ) aga ins t a se t (s ) of established c r i te r ia
(Da ta Q u a l i t y Objec t ives ) to assure that the data meets the
project goals. Please refer back to E L E M E N T 5: Data Q u a l i t y
Objectives.

Min imum Requirements :

0 Develop and i m p l e m e n t data assessment procedures (program
and laboratory o f f i c e procedures) .

° Provide a flow chart showing each phase of the data assessment
review, including the mechanism for review of the data assessment
procedures (network), the organizational level and the key in-
dividuals who will assess data and/or review procedures.

° Document all stat ist ics to be used in the calculation of:

;,1. Precision
"" .2. Accuracy

3. Completeness
4. Method detection l i m i t

° Document the s ta t is t ical procedures that w i l l be employed to
assess Data Qua l i t y Objectives ( i n c l u d i n g confidence l eve l s ) :

Examples:
1. Linear regression
2. Analysis of Variance (ANOVA)
3. Test of significances
4. t-test for outliers
5. Nonparainetric tests
6. etc.
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E L E M E N T 15. C O R R E C T I V E A C T I O N P R O C E D U R E S

To provide wr i t ten requirements e s t ab l i sh ing and m a i n t a i n i n g rn

QA report ing or feedback channe l s to the appror ia te management ^
author i ty to ensure tha t early and e f fec t ive corrective a c t i o n ( s ) ^
can be taken when data f a l l s be low required l imi ts . Each OA
project p l a n sha l l descr ibe the [nechanism(s) to be used when
corrective ac t ions are necessary.

Corrective ac t ion s h o u l d relate to the overa l l QA management
scheme; who is responsib le for t a k i n g correct ive act ions; when
are correct ive ac t ions to be taken; who ensures that correct ive
actions are taken to produce the desired results, and what steps
w i l l be taken s h o u l d corrective action not take place.

Minimum Requirements:

° Each measurement system mus t have predetermined l imi t s to ident i fy
when corrective a c t i o n is requ i red , before data becomes unacceptable .
Shou ld i n c l u d e , bu t not l i m i t e d to. the f o l l o w i n g i tems:

-•: Field equ ipment /p rocedura l problems or fa i lu res .

- . L a b o r a t o r y equipment /procedura l problems or fa i lu res .

..- Control chart nonconformances.

• - Broken or Lost Samples .

- H o l d i n g Times problems or fa i lures .

- C a l i b r a t i o n and S tandard iza t ion problems and fai lures.

- Preventive and remedial maintenance problems.

- Sample custody and h a n d l i n g problems or fai lures .

- Sample transportation problems

- Documentation deficiencies or problems.

- etc.
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Identify the organizational l e v e l ( s ) and the key individual(s) ^
responsible for initiating correct ive ac t ion (s ) and for approving "
correct ive act ion(s). 2

0
The Project QA Official must be notified of any major corrective
action that results in a change in procedures or a loss of
data. All nonconformances should be documented and reported
internally (in-house) and in the final (annual) QA project
report (See ELEMENT 16) .

- Therefore, the QA Project or Laboratory Plan should include
procedures for documenting and reporting nonconfonnances.



Section No. 16
Revision No. 0
Date: January I. 1W
Page 1 of 2 ^

ELEMENT 16. QA REPORTS

Purpose: The purpose of reports (c omnium cat ions) is to ensure that
staff personnel (internally and externally) 1n the program
off ices can effectively develop and implement projects,
perform act iv i t ies, and resolve problems.

Minimum Requirements:

I n t e r n a l l y

Describe the internal mechanisms, SOPs, and reviews that are
or win be performed on the measurement systems and data
quality. These reports should include at a unnimuTi:

Periodic assessments of data quality objectives.

- Results of audits.

- Significant QA problems, corrective actions and recommended
'•solutions.

"Ore level and individuals responsible for preparing the
periodic reports (field, lab and management).

External ly
0 Submit QA reports to the EPA Region VI Office of Quality Assurance

(see below). The responsible individual for preparing this
report should be the Project QA Official.

Tne Region VI Office of Quality Assurance will be tracking projects
involving environmentally related measurements. One-time projects of I?
months duration or less, win require only a final OA report. Projects
of longer duration, such as continuing multi-year programs, win require
periodic QA reports to document Implementation of the QA Project Plan.
For example, continuous monitoring activities should be covered In an
annual report summarizing the status of such projects for each annual
budget period. The QA report on each project should be a separately
identified Status Report containing:

A. QA management (any changes)

B. Status of completion of the QA project plan
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C. Measures of data q u a l i t y from the project

D. Significasnt quality problems, quality accomplishments, and
status of corrective actions

E. Results of QA Performance audits

F. Results of QA Technical Systems audits

G. Results of QA Management and Data Quality audits

H. Assessment of data quality in terras of precision, accuracy,
completeness, representat iveness, and comparability

I. Quality Assurance related training

J. Assessment of indicators used in the project (when applicable)

m

c^

3
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C. Measures of data q u a l i t y from the project ^
0

D. S i g m f i c a s n t qua l i ty problems, q u a l i t y accompi ishmcnts, and
status of correct ive act ions

E. Resu l t s of QA Performance audi ts

F. Resul ts of QA Technical Systems audi ts

G. Resul t s of QA Management and Data Qual i ty audi ts

H. Assessment of data q u a l i t y tn terms of precision, accuracy,
completeness, representat iveness , and comparabi'l 1ty

I. Qual i ty Assurance related t r a in ing

J, Assessment of i nd ica to r s used in the project (when appl icable)
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SAMPLE COLLECTION LOG

PROJECT NAME:

LOCATION:
PROJECT i

SAMPLE t

Jacksonville Offsice

Jac^sormlTe, Arkansas DATE'

T I M E '

1

Sample Location Description_

sc Purpose: PR - Prsaecon DE = Decon Rl ° 1st Sesamole RZ = 2nd Resanoie FI = F i n a l
VF ' Ver i f i ca t ion EC " Equioment Check RM ' Routine Mon i to r ing
GC - General Characterization Ml - yell Instal lat ion

_Sample Type: AI = Ai r BU = Bu lk CH - Chip CO ° Core LI - Liquid 01 ' O i l ( L i q u i d )
SE s Sediment SO ° Soil HI - W i p e MA ' Hater

Composite? Y/M Conip. description

_Sarop1e Attitude: 01 - Hor izonta l 02 • Vertical 03 • Both

Sketch/Comments
Elevation

_0epth of Take

Area or Volume Sampled

Floor/Area

Room

Zone

Edui pnent

OA/QC Code

QA/QC Partner

TM Lab: AU ' Austin
WC. - Middle

J ^ i A n a l y s i s Request:

Analysis Status:

Film RoU No.

Sample Team
(Ini

LST-30

Atta

Floe
00
01
OZ
03
04
OS

QBL
QGS
QRI

CE
broo

01

F

Prepared By
tial

chme

ar/Area Code
Basement
First

3

' Blank
« Spike
• Equipment

= Cerritos
k PI ' PUt

• PCB 02 '

01 = Priori

rame No.

s)

nt 5, Figure

Equipmen
01 - Man
OZ ' Cei l ing
03 • Floor
04 = Equipment
05 « Vent System
06 » Ambient Air

OA/QC CODE

ORE • Rewipe
QOU • Duplicate

Rinse ORIG • Original

DI • Oi rectors ED == Edis
sburgh SC ' Santa Clara

PCDD/PCDF 03 •2.3.7,a-T

ty OZ ° Analyze 03 •

1 Sample Col lec t ion Log

t Code
Of •
08 '

09 •
10 -
11 •
1Z -

of QA/Q

on FH
TM • •rws

cno04 •

Hold

Cabinet/Desk
Sxter-ior Pipes,
Beams, Duct
Door

C sample

'• FAS Mofa i te
( Indianapol is )

othar yarameters -


